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PEEFACE. 



Notwithstanding that the subject of Strains has been ably 
treated of again and again, it is diffioult in submitting this 
little work to the public to avoid the almost stereotyped ex- 
pression that " the design has been to supply a want long felt 
in the profession;" for the numerous volumes which have 
appeared on the subject v have not, principally on account of 
their elaborate investigations, been calculated to afford that 
ready assistance which in the ordinary run of office and other 
work is being continually needed, while on the other hand, most 
of the general Engineering Pocket-books, not having been able 
to afford sufficient space to do justice to the subject, have been 
compelled to leave its treatment incomplete. It is hoped, 
therefore, that by devoting a small work, in a handy form, 
entirely to Bridge and Girder Calculations, without giving more 
than is absolutely necessary for the complete solution of prac- 
tical problems, both the above obstacles to quick and satisfac- 
tory manipulation may be overcome. 

One of the chief features of the present work is the exten- 
sive application of simply constructed diagrams to the calcu- 
lation of the strains on bridges and girders, the advantages of 
which as a system, most undeniably far outweigh its disad- 
vantages. The parabola (anything but a troublesome figure 

to draw) and a few right lines are all that are required. 
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IT PBKfAOB. 

There is, again, a more general application of the Momenta 
of Bupture, and Shearing Forces, to open-webbed girders of all 
kinds, than has hitherto been attempted. 

It was originally intended to divide the whole work into 
three sections or chapters, similar to those actually adopted 
only for the middle portion (pp. 24 to 60), which chapters 
should correspond with the various processes in the design of 
a bridge, thus making the very arrangement of the work a 
general guide. But it was afterwards deemed advisable, as 
will be seen, to place the Moments of Bupture, and Shearing 
Forces, by themselves at the commencement, as a basis upon 
which the remainder is principally founded. 

In the following pages will be found, almost necessarily, 
many omissions, but care has been taken as far as possible 
to avoid inaccuracies. It will be observed that attention has 
been paid to the arrangement of the matter in different types, 
so as to facilitate as far as possible the manipulation of the 
contents. The work is not advanced with the pretensions of 
a treatise, as no investigations whatever are given, but merely 
.their results; and these, it is hoped, in an intelligible and 
practical form, suited to the wants of the Engineer, Architect, 
Draughtsman, or Builder 
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STRAINS IN BEAMS. 



1. The stability or a loaded beam or girder is founded on the 
equality that must always exist between the resultants of all the various 
external forces tending to cause its rupture, and the sum of the molecular 
reactions which resist the same. The former may be resolved — (1) hori- 
zontally into strains, depending for their value upon what are known as 
Moments ofBaj/ture, or Bending Moments, tending to cause the failure of 
the beam, by tearing asunder its fibres in one part and crushing them 
together in another (4) : and (2) vertically into what are known as Shear- 
ing Forces, due to the transmission of the vertical pressure of the load to 
the points of support, and tending to cause contiguous vertical sections in 
the beam to slide over each other (171). The values of the molecular 
reactions are the Moments of Resistance, for which see (204 — 914). 

MOMENTS OP RUPTURE. , 

2. Abbreviatioms adopted In the Formula;. 

Mx = moment of rupture at any point (#). 

M A , M B = „ at points of support (A, B). 

M 8 ,, at centre of span. 

I = length of clear span = distance between supports m a whole 
beam — distance between W and support in a semi-beam loaded 
with W. Where used in any other way explanation will be 
made. 

x = horizontal distance between the left abutment (except where 
otherwise stated) and the point at which M is to be found. 

W = concentrated load at any point (61). 

w = distributed stationary or dead load per unit of length. 

«/= ,, moving or live ,, „ (61). 

Def. = maximum deflection (221) for a beam of uniform section (223). , 

I as moment of inertia of the section of the beam (for value see 
264—214). 

£ b modulus of elasticity (173) ; for value see 231. 

Other abbreviations will be explained as they occur. 

3. Note. I, x, and other horizontal distances when occurring in the same 
case, must be all of the same denomination ; and so also must w and w'. 

B 



4. Son, — The value of a formal* being f 
the act Loq of the load mates, or teudu to make the upper surface of the beam 
( eoBwx' /*'"' there ^ ore oomprmea together the fibres in the f Yffif) 
part, and stretches them in the ( wer ) part. 
Vopper/ 

». In the Diaoiuhs, the ordinate! (the vertical distances from the 
horizontal, or other lines) to the curves, Ac, as shown thereon, correspond 
to the values of the foroiuta accompanying them. If the dia gra m he 
drawn to scale in the manner directed, the Momenta of Buptnre ma; be 
obtained bj direct measurement. 

Fig. A. Fig. B. 



The vertical lines, aa in fig. A, correspond to positive, and those as in 
fig. B to negative values in the formula (4). 

0. When a diagram is need in the calculation of the moments, it should 
be drawn immediate); under, or over, and to the same horizontal scale as 
the outline sketch (S3, III., and 5») of the girder itself, so that the ordi- 
nates in the diagram will correspond with the several points in the length 
of the girder to which they apply. 



M,= -WI . . . {«.) 
Ms- -W(I-i) . («.) 

Def. -ct 

DiiOKAii.'-Let A B be the beam (5, a). Draw 
A C = W I. Join to B. Then the vertical die- 
mABandOBwill give the momenta or rupture. 



IM.= -(Wf-r W.I, + w,y . . . (4.) 
H,--{W(l-*)+W 1 (i,-*)+W,8 i -a4j (*.) 
When (i — x) or (I, — z), or so on, is negative, 
it ii to be omitted. 
Duouu.— Let A B be the beam (S, 8). Draw 
AD = W,i„DC=W 1 i„andAB = WI. Join 
D to B, B to W, and C to F, in the manner shown. Then the vertical dis- 
tances between O P B and E W B wiU give the momenta of rupinre. 



*. BCMl-Bewa Tiled M One End, nnd loaded I'litronnlr 1U 
EiUn MM-tll (M). 

H -j- ; ow-iaf/ Oud due to the tame 

load (w f) csnmJra/fti at the end. 



Duaun. W A B be the beam (3. a). Draw 1C= -jj-. Draw the 
parabola CB,wboae vertex iaatB(«3*). Then the vertical aietaneee between 
A B and O B. will give lbs momenta of rupture. 

10. Beal-Beaaa Fixed nl Ono End, Willi n Load Uuirormij Ml*. 
(rlbuied ant Part of it* Leoaiii. 

. Let x = tie length of the load ;— Flg - * 

• m. ---('-!)■ 

When x ia lera than or equal to {I - ;'), then 

*— '<•-.-> ' 

When x is greater than (I - i), then 

B.= -f <!-*)' (4.) 

DiaaiAV.— Let A B be the beam (s, •). At A erect A C = wi (l -^). 
Join C to a point in A B at the mid length of the load i (as in the Fig.). 
Draw the eemi-parabola D B {-tan) the aame as for a beam of the length z, 
fully loaded (»). The vertical distances between A B and D B will give the 
moments of rapture. 

11. B«u 



it--l> + *)i .... 0.) 

H,= _(w<.-*,+j[<I-x) a ) (4.) 
i» /W Kit 

11,4 -si It + tJ- 

DriOHAM.— Let A B be the beam (5, «]. Draw A C = -j , and A D = 
W (. Draw the parabola C B (as in 0) with its vertex at B (13*]. 
Then the vertical diiunces between □ B and O B will give the momenta of 
ruDtnre. This ia but a combination of (3] and (9). 



ui Supported at itnin Ends, and m 

**■* M.-M.. 



M«,- 



Mi — -5- (* Mng meaanred fr™ 
the nearer pier). 

„ , W '' 
DiioBAn.— Lei A B be the beam 
(B.«). At mid-span erect CW= -7-. Join C to A and B. Then the 
▼ertical dlttance* between A U end A C, C B will give the momenta of ropture. 



The greatest moment will always be obtained at the point of application 
Woo 
Fik. 7. of the load, and = — ; — 

U, = M, = 0. 

Between A and ff, M, = — 7— * 

Between B and W, M* = — j— ■ 

Note parlioularly that x muet be measured from the pier whioh ia on 
the eame aide of W as x is. 

Duobax.— Let A B be the beam (5, •). At W erect W C = ^-j^. Join 



iiiimnrlril lit Bolli t 



alraleil nrlahl* ml a 



The moment of rupture at any 
point produced by all the vxigbte is 
the turn of the moments produced at 
that point by each of the weights 
separately (13 and 33a), 

Lot there be three weights, V7, 

W„ W„ and let the segments into 

which they each divide the beam be 

; <*i> *ai then supposing that * is taken between 



M. = -j (Wa* + W, a,x+W,a,a:), having regard to the note in (ial 
H, - H. = 0. 

DuoUM.— Let A B to the beam (s, < ). Draw ACS, A D B, 
and A B B u for three separate Cases, by (13). Produce W G tit] 
Wl-ffP + fQ+WC Proda«iW 1 Dtiimr i N = W 1 H + W, I + W.D; 
*nd so an for the weight W„ making W, P = W, K + W, J + W,B. Join A 
to h, h to N, N to P, and P to B. Then the ordinate* from A B to lie poly- 
gonal figure A L N P B will give the moments of rapture. 

Norm. If the weights be all equal, theverticals at the weights representing 
the momenta produced there by those weigbta In WC,W,D,W,E) will 
all be ordinate! to a parabola (131) drawn as for (II). 

of the above scheme to oon- 



1S. Beam ■■pawled at Uc.tb. Enils, and Loaded with Tw* aMaal 



Che moment for any point between 
: weights is a constant quantity 



Dubeav.— Let A B be tho beam js, •). At the weights erect W C and 
W D each equal to (W a). Join A to G, C to 1), and D to B. Then the ver- 
tical duttancea between A B and A C D B will give the moments of rapture. 



Mat W, = M at W, = Wian + o 1 ); 
constant from W , to W,. 

M at W = MatW, = 2Wo. 

M. = H,-= 0. 

Diaobjm.— Let A B be the beam 
<«, «). At W and W, erect W C and 
W,F, each equal to (2Wo); and at A 
W, K, each equal to W(2o + a'). join A 

give the momenta of rnptnra. 



IT. Drum SaUDOrted nl ■ 
Fig. 11, 



pome— 

M« = M. = 0, 

DiiQEAa. — Let A B be the beam 

(.".. c). Draw the parabola ADD 

Wt 

fa (C D) = -j- Then the vertical distances 

D B will give the minimum momenta of 



ILet w and if, be tbe two weights. 
The value of the maximum moment 
produced at anr point ia 



■ x being measured from the nearest 
pier. . Tb* position of <r causing the greatest moment ia when 

I . yr,t I . 8 

x= a—oi w + „ i' Or if the two weights be equal ; when x = o~ —J" 

' M* = M. = 0. 

DuoFiM.— Let A B be the beam (S, <). Draw the parabola A C B (tSt), 

.boat ordinate at centre = '* \*'" ' At A and B erect A D and B E = 

it, 3. Join A to E and D to B. Then the vertical distance! between A F B 
and the parabola A B will give the mamma moments of ruplnre. 

19. Benin Supported nt Botn Ends, nnd Loaded oniferailr ll> 
Fig. 13. s-tlr. ta«tM«). 

M. = M, = 0. 

Def - = B THl'^ 
one half (As moment of esnirs, and £ 
(As deflection produced by the same 
toad concentrated at tie centre, 
DrioktM.— Let A B be the beam (5, «). On A B draw the parabola 
• At in the coupled driving wheels of a locomotive. 




HoMKHTS OF RUPTUBR. 7 

w I* 

A C B (232) whose ordinate at centre = — — . Then the vertical dis- 

o 
tances between A B and the parabola A B will give the moments of rupture. 

20. Beam supported at Both Ends, subject to a load uniformly 
Distributed over a certain Length 
from one Support (45). Fig. 14. 

Let a equal the length of the load, 
and let x be measured from the abut- 
mentfrom which the load advances. 

The greatest moment produced by a 
given length of load will be at its extre- 
mity, or when x — * t that is, provided the 

load does not extend beyond the centre of the span; for should it depassthat 
point, the greatest strain will remain constant in position at the midspan, in- 
creasing in intensity until the load completely covers the span. 

«,. , ,, v>z*(l-r2) 
When x =* «, or more than 2, M x = 2 , — • 

w x 1 z (2 l—z) ) 
When x is less than z, M* = — £— \ -. — x f . 

M A = M„ = 0. 
Diagram.— Let A B be the beam (5, 6). At the extremity (C) of the load 

draw CD = W8 [ l ~ z K Join A to D, and B to D. Draw the parabola 
21 „ 

ABC (933), whose ordinate at its centre = ~ 2 . ; the same as if for a 

8 
uniform load on a beam AC, supported at A and G. (19). Then the vertical 
distances between A D B and A £ U B will give the moments of rupture. 

31. Beam Supported at Both Ends, subject to a load uniformly 
Distributed over a certain Length not Extending to either Support. 

Let z = the length of the had. yj- 15. 

Let v — the distance from the load 
to the left support ; and let x be mea- 
sured from the same support. 

When x = v t or less than v, 




When x is equal to or or greater than {v + -), 

v>z 1 z\ 
VL* = — \v + ^ J (I - *). 

When x is greater than v, and less than (v ■*■ 2), 

w x f f (2 + 2 v) ) v>v* 
M,= —\2z+2v-x j (--jr' 



Dliuiu*.— Le t A B be the beam (S, G). And let tlie load extend over 
the length 2. At K, the centre of the load, erect KQ = ^- ■ Join 
H to A and H to B. At C and D, the extremities of the load, draw per- 
pendiculars to A B, intersecting HA and H B in F and 9 respectively. 
Join F to G. OnCD, dm* the parabola CB D (232), whose ordinate at 
centre is equal to — — , tho same as for a distributed load on a beam of the 
rtical distances be- 



22. Brum ■■pnorted X BoCQ Ends, snhject to » Rollins; Distri- 
buted Load or n Lenctli less than 
f1*>l* ma! or the Beau. 

La J = tht length of Che had. 
Maximum moment at any point, 

when i approaches naarer either suppoi t 
than 1 , beyond which limits i in the for- 
mula must be taken equal to 2 x. 
Eiiaaix.— Let A B be thebeam [K, 8). On A B draw the parabola A D B 
(232), whose ordinate at centre = — . Make CE = — . Through E 
draw E P parallel to A B. Make the horizontal distance of F and E from 
A and B respectively (aaCB) = — . The diagram vill be accurate from F 

fromB taWe-(= J) of the vertical distance between the parabolic area E B, and 
DB measuring from BB. Attno second division take -and eo on, counting tho 

And then the vertical distances between AHDKB and AFBB will give the 



23. Points of Contrary Flexure, or of inflexion, or of "do- 
curvature," as they are sometimes called, are points at which the upper 
Hud lower surfaces change from convexity to concavity (1), and vice vend 
(see fig. 23). At these points, aa there ia no curvature there is no moment of 
i upture, for the moments of rupture are the intensities of tho curving or 
binding forces (I). 



M. Beam of Kauai ami Inirunn n«iinn, or Beam or i.'alronn 
Streaath (MS), Fixed, horlaonlally M the Ends, and romlrrt ai 
(ha coin (See so.) 

Tfa fcnjift //' i» tirnfieai wi(A 
(IS), ami (Ae yarf* A/ and B/' 



Fig. 17. 



• • • «■) 

I 0/ contrary jltxarc, distant from their 

Duuu.- Let A B be the beam(B,«). At mid-span sreet G W = _ — 
AtA and B erect AD and BE, each = — . Join D to B, and C to A 
wirt T). Tbenlbe vertical distances betireenDE and AOB will give the mo- 
s at the intersection of A C and 

M. Beam of Eannl and Uniform Section, Fixed horizontal 1/ nt 
Botn Baas, and Loaded nnlformlr Id entire Lenath (VI). (See 3*. ) 

The length j f u identical with (la), artd the parti A/ and B/' with 
(111, the concentrated load at the ex- 
tremity of each eemi-beam A/, Bf bciiii; Fig. 18. 
equal to nalT the uatftntad load on//". 



Where M, = 0, there are the pointi of contrary fiexart (t3), diataut 
from A and B respectively by -2111. 

Def. — isaRHi = <mt 2 ttarta " t ^ al ofthe tame beam if not fitted at the 



DiiaiiiB. -Let A B be the beam (5, a). On A B draw the parabola 
ACB (13t), whose ordinate at centre CD m —-, At A and B erect 



A 1! sod B F respectively, each equal to - — Join B to F. Then the 

•ertical distances between E F and A B will giva the moments of rupture. 

The potnM of contrary fltxwt (33), iib at the interaction of ACB 
irith B F. 



*6. Benin or Enllbrm Slrcuath (IDS), Fixed horizontal lj at Bom 
Ends, mid Loaded unlfonnly Us entire Length (47). (See 30.| 

The length f f {= { I) it identical nil* (la), and the parts A/ onrf 
_ ,. Bf'wi!h(ll); the oonoentraied load 

iig. la. al the eslramity of each beiojt equal 

W -£ = hEdf the load on //*. 



M. = M. = - -33- . . (*.) 
Where M, =■ 0, there are the poind of ctmtravy flexure (as). 
A/ = B/' = -J-. 

DiiOBiM.— Let AB be the beam tfi, •), On A B draw the parabola 

ACB(»33), whose ordinate at centre (CD) = — . At A and B erect 

A Band B F respectively, each = ijfi. Join B to F. Then, the vertical 



IT. Benin or Filiform nnd Eannl Section, resting on Two Wnn ports 
null nnlfonaly Loaded, llie Ex- 
"H-to. trentldes being Subjected to two 

known Moments ot Knplare (M, , 
M, ) nellna- In ii Contrary liiree- 
tluu to those due to the Load 

M, = H5 (i _ i) _ m, + 

f(M.-M.). 
Uhere SI* = O.there are the pomfi of contrary flexure. 
Dmomm.— Let A B be the beam (B, •). On A B draw the parabola 
ACB ('jus), whose ordinate at centre CD = '— . At A and B erect A B 



ud BF reepeetiTelj, msking AE = M",, ud B P = M. . Join E to P. 
Then Hi* isniCBl cl inane™ between B F ud ADR will giva the momenta of 
raptors. Where E P iateneoti A C 13, there will be the potato of contrary 
ft*** (M). 



(A), and Hind boriion tally at Ibe Other (B)*, nnlformly Londeil 
•nr lu entire toafth (49). 

Thit can it identical with the 
length /B of '(»»). 

KX nil 

M = - r p-x)-- g -{.bdr« 
roeunred from the unfiled 
end}. 

M. = 0. M.= -^-* . (4J 

Tht point of contrary Jlexurt (S3) is where M. = O. 

A/= -j--t M »t midwaj between A end / = 1 -g • 

DuaftUL— Let A B be the beam (5, <). On A B draw tlie parabola 
A C B (£3>), when orJinat* at centre CD = ^- . At B, the fixed end of 
the beam, erect B B = — — = C D. Join A to E. Then the vertical distances 



*». ■— i or Uniform Slnnsth (IS5), aappoMed at On 
ami Fixed horlionlallj at iho other (B}% naiTUnnl x l* 
lie entire truth (48). 

Thit can u identical tola the length /Bo/ (»«). 

y.-'^(I-«)-^, 1 >b«Ca B ■»"■ 

nieaanred from the nnfiiedend). 



It, = 0. M, = - 

M at midwej betwt 



The point of contrary fkx*rc(*S) 'a where M, — 0. A/= -j*- 



The correot value for A/ ii 



12 strains nr bbams. 

Diagram.— Let A B be the beam (5, 6). On AB draw the parabola 

A B (933), whose ordinate at centre (C D) - — . At B, the fixed end 

v>l 2 ° 

of the girder, erect B E « M, = -— . Join A to E. Then the vertical 

o 

distances between A E and A C B will give the moments of rapture. Where A B 

intersects A B, there is the point of contrary flexure (23). 



30. Beam continuous for two or more Rfjrhtly Proportioned * 
Spans, subject to a Stationary Load, Uniformly Distributed over 
its entire Length (50). 

All such cases may be regarded as combinations of some of the cases 
previously given (24 — 99). For if, in any of the latter, the beam, instead 
of being fixed at one or both ends, be continued over a support where 
originally fixed, and subjected to the action of a load, which shall produce 
at the point of support a moment equal to that produced there by the 
first load when the beam was fixed at that support, then the moments in 
the original length of the beam will remain as they were, and will not be 
affected by the substitution of the continuation for the fixing. 

Fig. 23. 




Let AF be a beam continuous over a number of equidistant piers, 
D, C, &c 

If the beam be of uniform strength (165), the outer spans (A B and 
E F) should be a the length of the others. If of uniform section, the outer 
spans should be '789 the length of the others. (See 113 A.) 

The end spans may be regarded as identical with (28) or (29), and the 
remaining spans with (24, 25, or 26), so that the moments of rupture may 
be obtained from the formulas or diagrams there given. 

. 31. Continuous Beams, not of Uniform Section, subject to Varying 
Eoods. 

It would, perhaps, be impossible to give mathematically accurate formulas for 
the moments of rupture in continuous beams, with moving loads, that would be 
worth anything for practical application. A well-known author f has even pro- 
nounced the case " too complicated for investigation." 

The following approximations, however, may be relied on for safety triihout 
extravagance. 

32. Beam of Uniform Strength (165) for the Maximum Strains, 



* By rightly proportioned is meant, proportioned so that if the beam were 
fixed on any one of the piers instead of continuous over it, the moments produced 
there by the two adjacent loaded spans would be equal. Then if this condition 
be observed the case will include beams not uniformly loaded throughout. 

t J. H. Latham, Esq., M.A.— "/ron Bridges." 



one Pier, fiirmlHS Iwo Eqwil Spniin, nnDJrrt to a 
rllinleil, and. iIh to a Marias' InnU (SI). 
(See USA.) 

T/ie preatut numtnt over thtpier will be produced when both spans arc 
full j loaded. Etch span will then nearly correspond to (Hi). 

The greatest positive (4) moment will obtain in the span fullj loaded, 
when the other apan bean only the fixed load. 
Let ti ■ fixed load per unite of length. 

v! = Tarjing „ „ 

and let x be always measured from an abutment, and not from tht 
pier: Then, 

Maim, pontic* (4) moment, M, = =- — — — jz . 



■j-. a *- C J*-jft» + «')<iI-J*« Ubegroterto 

at any other/ , > be taken. 

P ""- l(.--=-(I--l-T=(S«4-tO. 



DiiQRAH.— Let A CD be the beam (5, S). On A C draa the parabola ADC 

P 
>Sf), whose ordinate at centre D E — (»+»';■■; andonCB draw the 

parabola C P B (133), whose ordinate at centre P = ~. At the centre 
* lf (V) honot Chester Uian( ( ^j^), the beam wUlreqnln holding 
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(vt + w*)P ■ 
pier erect CH = ~ , and, measuring from C, make CK = 

(2 w + v/) P 

j2 . Join H to A, and K to A and B. Then the vertical distances 

between the parabolic arc A D L and A L will give the maximum positive (4) 
moments. The vertical distances between N II and the arc N L 0, or those be- 
tween K M and OPM, whichever be the greater, will give the maximum negative (4) 
moments. The points of contrary flexure (23) will approach as near the 
centre pier as L, and recede from it as far as M. (See foot note, p. 13.) 

Nora.— The various values, &c, given above, apply equally to both the spans. 
The diagram above is drawn to scale, on the supposition that the rolling load 
is 3 the intensity of the fixed load. 

33. Beam of Uniform Strenfftli (1G5) for the Maximum Strains, 
continuous over two or more Piers, subject to a Fixed load Uni- 
formly Distributed, and also to a Moving Load (52). (See 113 A.) 

The maximum moment over any pier will obtain, when only the two 
adjacent spans, and every alternate span from them, are simultaneously 
loaded with the greatest load, the remaining spans sustaining only the 
fixed load. 

The maximum moment at the centre of any span will obtain when it and 
the alternate spans from it are fully loaded, the remaining spans sustaining 
only the fixed load. • 

Let w = the fixed or dead load per unit of length. 
«/= the moving or live ,, „ 

V = either outer span. 
I = any other span.* 

Then, the maximum negative (4) moment over any pier, B or C, 

"»-»•- -s (t + t)-. 

Maximum negative (4) moment between any two piers (i.e., in any 
tnper span, Q, 

x (w + v/) P /2 w w'\ 

M. = — P - «) - T (— + J > 

(positive values of which must be disregarded). 

Maximum "positive (4) moments between any two piers (i.e., in any inner 

span, I), 

(w + to') 3 wP 

M, $-- (l-x)x- -jj-, 

(negative values of which must be disregarded). 
For either outer span, the maximum negative moments, 
_ _ x (w + uf) xP /2w «A 

M, g — <*-«)- 3j- \T+Th 

(positive values of which must be disregarded). 



* If there be but three spans, a modification of the values hereafter g'ven will 
be necessary, which see. 



. .„ jd from the abotnient. 

Ifanj of the foregoing expreseiona for M, be made equal to 0, the vahie 
if x obtained from them will giro the poaitiona of the point* of contrary 
fleiuie (»).* 

Noil. — If the team be eontinaoia for three iparu only, I, as a coefficient 
. , , P/2w w\ xP /2w */\ 

lntheMpreteion-jj-l— + y 1, or in jrp [-=-+-£■), most haTea value 



DiioRin.— Let A B C (S, «) be part of the beam. On B C draw the 
parabola BDC (Ml), *ho« ordinate at centre (DB) =. — + "' ■ 
On A B draw the parabola AFB (131), whose ordinate at centre 
<p Q) =- - ° - B °° '' '■ At B and C erect B H and C Jt respectively, 
e«oh = j f— - + — J. Join A to H and H to J. Meararing from B and 
C, make B E and C L, each = -==-. Join A to K and K to L. 

The vertical disianoes between APOP and AP gin the maximum positive 
momenta (or either oulerapan; and those between MNDN'M,,and M M, give 
tboea for any inner span. The vertical distances between O H anil O P B irive 
Iho meiimom negative moments for the outer spans : and those between H N 
and BM N, or between N' J and N'M, U, (rive the minimum negative momenta 

The points and P, and H and H or M, end S', show the limits of 
deviation of thepotntt of contrary fltxure (93). 

The diagram above ie drawn to scale, on the enppoeiiion that the Intensity of 
the rolling load ie one-half [hat of the llied load. 

"^VTV be not greater than ^ ^ *^ ^ ). "" beam will require holding 
t N.B.— The note given above (for the valns of I In the formula) moat be 
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.33 A. Note. — The moment of rapture at any point, produced by several 
loads acting simultaneously on a beam, is equal to the sum of the moments 
produced by the several loads acting separately. 



SHEARING FORCES (1> 



34. Abbreviations : — 

Let P and I" = the reactions on the supports due to the total load 

on the beam between those supports. 

S H* = the shearing force at any point x. 
w = distributed load per unit of length (61). 
W = total load concentrated at any point (61). 
x = distance from left-hand support to the section at 
which S H is required. 

I = length of span. 

Other abbreviations will be explained where they 
occur. 

35. In the Diagrams, the ordinates (the- vertical distances from the 
horizontal or other lines) to the curves, &c, as shown thereon, correspond 

' to the values of the formulae accompanying them. If the diagram be drawn 
to scale in the manner as directed, the shearing forces may be obtained by 
direct measurement. See also (6). 



36. General Rule for determining the Shearing Force at any 
part of a Beam and under any Distribution of Load, 



Fig. 26. 




Let it be required to find the shearing force at any point (C) of a beam. 

Let W .= the load between A and C. 
W= „ BandC. 

Then, SHatC = 

SHx = P- W, or = P' - Wi- 
the greater of the two values to be 
taken. 

At the supports, W'orW = 0; so that the shearing forces there are 
always equal to P or P ; . The above values hold good for semi-beams. 



37. Semi-beam Fixed at One End, free at the Other, and loaded 

In any Manner (8). 



Fig. 27. 




The shearing force at any point P is equal to 
all the load between that point and the unsup- 
ported extremity. 



■biuikq roncn. ' 1' 

at One X>4 onlr, nnd oalfornilT loaded II 




DlASUH.-Let A B be the beam (38). Make 
AC'il. Jain C to B (as in 88). Make 
A I) and BE = W. Join D to E. Thou the 
venial distance* between C B and D E will give the 
■hearing torces. 



DiiORin. — U Kg. JO, the (hearing forces (3S) for this case are (riven by the 
vertical distances between CD and A B, AC and BD being each ■> — ... (A3.) 



Let a and b be the distances of W from the support* A and D rospeo- 
SH, = P=W-, =3H„ constant between A and W. 



8 H, = V = W 7 



e S Hi, constant between B and 7 
1 (38) for this t 



, , v The greater of these two Talnes to be taken. 
S H. - S H, = W, 

DirtoiiiM. — In Fig. 30, the verticals A & end B <F at either extremity . 



to P. The vertical dis- 



tonrcnlralf-d laail 

ng.»u. ABiathebeam. AEandBFare 

1 equal to W. 

I When W is in the centre of the bea.ni 

I (K), the shearing force for the whole 

I length of the beam equals — = the 

I vertical distance between D and 
| AB. 

When W i» at any other point (Q), 
the shearing forces in the two tegmenta, R P, Q 3, are inversely as the 
lengths of the segments. The vertical distances between A B and H P Q S, 
give those shearing forces. 

When W rolls from end to end of the beam, the shearing forces are a) 
the vertical distances between A B and B K F. The points P and Q will 
alway d be point* in either B B or A F. 

41. Bean Supported at Both Cuds, and Loaded natUsraaly Its 



■ U»). 



SH^SH, -- 



wZ 



.«.-.&-> 



R The sign of the result to be dial e( trded. 
At mid-span, S H = ( >. 
Diaqbaii. — Let A B be the beam (36). At A and B erect A < ' ;.nd B D, 
each equal to -jr. Join C and D to the mid-span, E. Then the vertical 
distances between A B and C E D will give the shearing forces, 

1 Both Ends, subject to a Distributed 
load advaaclnar from elher BnpiKH-1 * 



(■•)■ 




The greatest shearing force will be 
developed at the point of junction of the 
loaded and unloaded segments ; in which 
case let a also represent the length uf the 
load. Then, 



At mid-epan, SH = -jp 



se of a raiiwaj train crossing a bridge. 
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Diagram.— Let A B be the beam (35). At A and B erect A C and B D 

to I 
respectively, each equal to -5-. Draw the semi-parabola, C E B (232), whose 

to I 
vertex is at B, and ordinate BD= t Draw the semi-parabola A E D 

corresponding exactly to C KB. Then, as the load advances from either 
pier (say A), the shearing force developed at the junction of tbe loaded 
with the unloaded apex will be represented by the vertical distances be- 
tween A B and A E D. When the load covers the whole span, the shearing 
forces will be as in (44). 

As the load is liable to advance from tbe pier B as well as from A, the 
maximum shearing forces for all positions of the load will be given by the vertical 
distances from A B to G ED. 

46. General Formulae for Determining the Reaction of the 
ftupports, and the Shearing Forces In the ease of Continuous 
Beams and Beams whose Extremities are Fixed, or suhject to 
the Action of known Moments of Rupture (27). 

Let A B be a beam, subject to the action of the moments M A , M B , and 
let the beam be uniformly loaded. 

The notations as before. 

? xr xr Fig. 33. 

to I Ma — Mb 

to I M* — M A 

F = T + — 7— • 

The shearing force at any point distant x from either pier, is found by 
subtracting (to x) from the re-action of that pier produced by the load between 
A and B. 

The values of P, P' are the pressures on the piers produced by the load 
between A and B only. Should there be a load on the beam continued 
beyond these points, the pressures similarly found must of course be added 
to those above for the total pressures on the piers (169). 

47. Beam Fixed at Both Extremities, and Loaded uniformly 

(25, ««). 

SH A = SH. = ™ SH ' = w (2-4 

Exactly the same as for (44). 
Diagram. — The same as in (44), which see. 

48. Beam of Uniform Strength (165), supported at One End, 

and Fixed horizontally at the other, uniformly Loaded its entire 

Length (29). 

10 I 
At the unfixed end, S H A = -£— 

2wl 
At the fixed end, S H, = — =-• 

o 2 




SO aiunra i« suns. 

S B, -~ w ( g — xj, x being measured from tbe unfixed end. The sign 
of tbe result to be disregarded. 

Diagram , Let A B (fig. 34) be the beam (36). At tbe unfixed end (A) 
erect A C = %-, and at the fixed end (B) erect B D = 2 (AC). Join C 
and D to E, distant J I from A, or half-way between A and the point of 
con trary flexure, / (*3). Tbe vertical distances between A B and X D will 

The length A/i» identical with A/ (fig. 22), and tin length fB with 
/B (fig. 22). 

4». Ben *r Uniform una Banal lection, ■assorted M One End 
and Flied horizontally at the Other, 

'' '"■ ' V nnlfonnlT Loaded 1U entire Icnalh 

I(»»). 
At the unfixed end, 3 H 4 m — g— 
At tbe fixed end, SH,= -j— 

S H* = to l-g — a), i being measured from the unfixed end; and tbe 
sign of tbe result being disregarded. 

Diaqram.— Let A B be the beam (as). At the nnfiied end (A) 
erect Iff- -j-i " na at *• *«* e" d ( B ) «*« B IV = -jp. Join C* 
and D 1 to E', distant j 2 from A, or inid-way between A and the point of 
contrary flexure, /' (13). Then the vertical distances between A. ti and L'E'D 
will giTe the shearing forces. 

The length kf i> identical with- Lf (fig. 21), and /' B viith f B 
(fig. 21). 

BO. Continuous Beams with Fixed uniform!) DiMrrbnted Loud* 

(M). 

If tbe spans be "rightly proportioned (see foot-note, (*) p. 12),' case (48) or 
(49) will apply to the outer spans, and caae (41) to the remaining spans. 

H. Beau or Inltom atrenolh (145) (or the nsailmnni itnuns, 

eontlnnona for Tiro equal Roans, 

Fig. M. ^^ snbjeel to a Fixed Load uniformly 

■ Dlilrlbntod, and also to a Moving 

H ■ Load (39). (See 113a.) 



t cut re pier will obtain when both spans ni 
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The total maximum pressure on the centre pier, when both spans are 
fully loaded, will be twice the above maximum shearing force at the pier. 

« 

Let nf = tbe moving load per unit of length, the other notations as before. 
The following are the maximum values* : — 

I 
At either abutment, S H A = — U v> + 5 vf) f or 

2 r 

At the centre pier, S H c =» —(to + «/), or 



3 



At any other point («), 



l 

S H, = ^ (4 w + 5 tc') — * (to + to'), 

I 



The greatest value to be 
taken ;f a; to be mea- 
sured from the abut- 
ment, and the sign cf 
the result to be disre- 
garded. 



As the load may be supposed to advance from either abutment right 
across the beam, an addition mutt be maa\ to the above values for S H* t 

being equal to -g- when x is about equal to J l t and gradually diminishing 

as x gets more or less than -. (See the dotted curve in the diagram.) 

o 

Diagram. — Let A C (fig. 85) be one span of the beam (35). At the 

I I 

abutment A erect A D = — (4 w + 5 m'). Make AE = -(w + «). 

At C erect C P = twice A ft Join B and P to M, distant } I from A. 
Through D draw D N parallel to B M. Sketch in a curve similar to that 
{dotted) in the figure, making an additional depth to the ordinates, at the 

point of minimum shearing force, of W -. X Then the vertical distances le- 
ts 

tween A C and D S T F may be considered to give the maximum shearing forces 

for either span. 



52* Beam of Uniform Strength (165) for the Blnxliuniu Strain*, 
Continuous over two or more Piers, subject to a Fixed Load 
uniformly Distributed, and also to a Bloving; Load (33). (See 
I ISA.) 



* Approximate values corresponding with the moments of rapture 39. (See 31. ) 
t The last of the three values is the shearing force in one span, when the other 
only is fully loaded, the addition however made for the load Doing a moving one 
will entirely cover it. 

% An exact expression for the value of the shearing forces developed by a load 
gradually advancing across a continuous beam of (about) uniform strength, would, 
even if it could be obtained, be most complicated. The process here suggested, 
however, though necessarily only approximate, may be regarded as practically 
paf*. 



The minimum shearing force 'at any pier (B or 0) will obtu aimolto- 
neoualy with the maximum moment of rupture over that pier (33). 
For any inner span, 

BH.-SH.-I0 *'-£). 

x being measured from the nearer pier. 
For either outer ipan — 
At either abutment, 

At the pier, 

S H, = |(w * «r). 
At any other point. 

. SH* = (--xlfw + »1-^-*- f The greater of these 
oa * \2 *)V»+")- 3 2l' J hu* to be taken,. 

Or, = (» + «0 (j - x). 

At the middle of the inner spans, and at £ V from the abutments in the 
outer spans, the values obtained by the above formula must be increased 

bj -j- and -=- respeetiTolj ; and this addition, gradually diminished, 
must be made for some distance on cither lide of those points (see foot 
note (J), p. 21} as shown in the diagram below. 

// the beam be con/tnuoui for three spans only, the above formula) 
must be modified as directed on the next page. 

ruj-wt. 



taken, and 

to be measured from 
the abutment. 



DuoaAM.— Let A B C be part of the beam (35). For any inner span 
(as*)-— AtBandCerectBaandCH,eaeh=(^- + — <j— ). MakeBD 
and C E each = -(»+■ vt). Join D and E to the mid-span, and draw Q K 
anil K H parallel to D F and F E respectively. For either outer span (as O :— 
At B ereet a perpendicular = ^- (w + vf), whioh, if ■ - — , will 
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coincide with B D. At A erect A L = 4 D B. Join D and L to M, 
distant } V from A. Make A « £ (w + tf)- l^i*. DrawONparal- 

lei to L M. At T and E sketch in cures,* similar to those in the figure, 

v/Jf v/ 1 
giving additional depths to the ordinates there of -— - and — respec- 
. . o o 

tively. Then the vertical distances between O T D and A B may be considered 
to give the maximum shearing forces for either outer span, and those between 
GVH and B for the remaining spans. 

// the beam be continuous for three spans only, the value given in the 
formula? for S H, and S H c > and in the diagram for BG and H, must be 
(13«0 + 16«/)J L a /2«r w'\ 

altered to - 55 + Tz V ~7~ + 2/ ' an( * ^ artner » *^ e Ya * ue S* 7en 

to S H* for the inner span must be altered to = S H» — x {w + v/), 
in which latter expression S H B must have the value just assigned to 

it. L=— V; — . 



* See foot note (XX p. * 1. 
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FLANGED GIRDERS, ARCHES, AND SUSPENSION BRIDGES. 

53. In the Design of a bridge, girder, or other similar structure, 
certain parts of which are supposed to resist certain strain*,* the various 
processes are followed out in a progressive order. When the data do not 
extend beyond the amount and nature of the load, and the width, Ac, of 
the obstacle to be crossed, the processes will be as follows : — 

I. Determination of the kind of bridge or girder (54). 
II. Determination of the general cross section, and major proportions 
of the structure (55 — 58). These enable — 

III. An outline, sketch to be drawn (59). 

IV. Approximate estimation of the weight of the structure (66, 61). 

V. Calculation of the strains on the various parts (6* — 163) (which 
strains must be figured on to the outline sketch), at as many points 
as will be found necessary for the accurate— 
VI. Determination of the amount of material to resist the strains on 
the various parts (163 — 173). 
VII. Distribution of the material in the various parts into a form of 
ci'oss section best suited to resist the kinds of strain brought upon 
them (174— lt6), having regard to — 

a. facility of construction. 

6. adaptation of one part to another in contact with it. 



SECTION I. 

Determination of ths Nature, Principal Dimensions, etc., of ibb 

Bridge or Girdbr. 

(Embodying processes, I, II, III, above.) 

54. The first operation (I, 53), that of determining the kind of bridge 
or girder, must be left entirely to the discretion of the designer ; at least 
no rules can be laid down for his guidance : the several conditions which 
would influence the decision, such as nature of site, obstacles to be crossed, 
facilities of construction, &c, being infinitely diversified. 

55. The general cross section of a bridge must also be left to the 
experience and discretion of the designer, as no definite rules can be given 



* The system of regarding particular members or parts of a girder an resisting 
the particular strains for which they are adapted, and these alone, is perhaps the 
most generally received, (dee 6f and 191.) 
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upon the questions of the relative advantage and economy of the many 
systems which have been adopted and suggested. 

QBVKBAL PROPORTIONS. 

M. The central depth of straight independent girders may be made 
from tb to ^ of the span. The greatest economy of material is perhaps 
obtained at £. 

For continuous girders, or girders fixed at the ends, the depth may vary 
from £ to ^j of the span. 

57. Where convenient it is in most cases advisable that girders with 
fixed loads and with oblique or curved flanges or booms, should have their 
depths varying as the moments of rupture (1), that is, as the ordinates in 
the diagrams (5) given for several cases (7 — 33) of loading, &c. (76). 

It follows from the above, that bow-string girders, arches, suspension 
chains with stationary uniformly distributed loads, should (the latter will 
nearly) have the form of a parctbola (239). 

58. Diagonal bracing will, as a rule, be most economically disposed at 
an angle of 46° with a vertical 

5t. The design having, as supposed, advanced thus far, it is advisable 
that a skeleton elevation of the bridge or girder be drawn to a moderately 
large scale, that the strains on the various parts about to be calculated 
may be figured thereon. 



SECTION n. 

Calculation of ihb Strains on ths Various Parts. 

(Embodying Processes IV, V, p. 24.) 

<•• Approximate Estimation or the Weight or the Structure. 

1st If no other source of information be at hand* (MA), assume a pro- 
bable weight from the data of experience. 

2nd. Calculate a few sections by the formula, &c, given hereafter, on 
the supposition that the bridge or girder is loaded with the just-assumed 
weight uniformly distributed, and the maximum extraneous load that is to 
be brought upon it. 

3rd. Make a second approximation of the weight from the few sections 
just calculated ; allow a percentage for contingencies (which may vary 
from 5 to 25), and if the total be at all near the first estimate, it will 
generally be sufficiently correct to stand for the weight of the structure in 
the final calculation of the strains, &c 



• See B. Baker's diagrams and tables giving weights of girders np to 200 feet 
loan. 
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Girder Railway 



60A. Approximate Weights of ' 


ffrouffht-iron i 


Bridges* 












Single Line of Way. 




For 30 feet spans 5 cwt. per foot run. 




„ 60 


6 


tt »» 




„ 100 


9 


»» >» 




„ 150 


„ 12 


»» »• 




„ 200 


„ 15 


i> »♦ 



61. The weight of the beam, girder, die, must always be introduced 
into the calculation for the strains. It may generally be considered as a 
uniformly distributed (of course stationary) load. Where the load is 
stationary, and also uniformly distributed, (viz., cases 9, 19, 25 — 30, and 
38, 44, 47 — 50), the unit of weight of the girder may be combined with 
that of the load proper. But in nearly all other cases it will be necessary 
to regard them separately. 



Flanged Girders, with Thin Continuous Webs. 

Fig. 36a. 



F L A N C £ 



N C E 



63, Distinct Functions of the Flanges and the Web. In pages 
25 to 29 inclusive, the web is considered to take no part in resisting 
the horizontal strains (1), the whole of which will be provided for in the 
flanges. 

Though this is not theoretically correct, the error is practically so small as to 
be disregarded with safety. 

Neither are horizontal flanges considered to take part in resisting the 
the shearing forces (l), the whole of which will be provided for in web 
(64, 80, 191). 

Strains in Flanges Generally. 

63. Flanges or parts of flanges, perpendicular to the action of the load 
on a girder, have to resist only the bending effect of the load, which 
depends on the moment of rupture (1). 

64. When, however, a flange or part of a flange is not as just supposed, 
it suffers an additional strain, which is part or all (as the case may be) of 
the shearing force (1), the amount of additional strain depending on the 
inclination of the flange (75). 

Thus in ordinary practical cases, where the action of the load is vertical, the 
strain on the flange increases the more it wanders from the horizontal position. 
The extra strain it suffers, however, modifies proportionally the strain on the 
web (80, 81). 
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65. Nature of the strains. At any vertical section of a girder, the 
atrains in the two flanges are of different kinds (4) : — 

1. When the action of the load tends* to make the beam convex on 
its lower surface, then — 

the upper flange is in compression (168) ; and 
the lower flange is in tension (167). 

2. When the action of the load tends* to make the beam convex on 
its upper surface, then — 

the upper flange is in tension, and 
the lower flange is in compression. 

Strains in the Web Generally. 

66* The strains borne by the web are the shearing forces (1, 34), due to 
the transmission of the vertical pressure of the load to the points of sup- 
port. Their amount (and sometimes manner of action) are greatly modified 
by the longitudinal form of the adjoining flanges (64, so). 



GIRDERS WITH PARALLEL STRAIGHT FLA5QRS. 

Flanges. 

6T. To find the Amount of Strain on either Flange at any 

vertical section (68), — Divide the Moment of Ruptnre, as found from 
the formulas or diagrams, pp. 2 to 1 5, by the depth or the girder, i. e. 

by the distance between the centres of gravity of the sections of the two 
flanges. 

68. At any vertical section, the strains on the two flanges are equal in 
amount, but opposite in their nature (65). 

69. The strains in the flanges will vary throughout as the moments of 
rupture (l, *), and therefore as the ordinate^ in the diagrams (5). 

70* By Diagram. — If the ordinate, in the diagram for the case (5), at 
any point of the girder, be made to represent on a scale of parts the 
btrain on the flanges at that point, the strain at any other point may be 
measured off from the diagram. 

71.. The strain* are either direct tension (167), or direct compres- 
sion (168). 



• The action of the load on a girder supported at both ends, and having its 
lower surface concave (see Plate I.) will lessen the concavity, and so tend to cause 
convexity. 



01MUUTI0K 0» BT It II SB. 



It. TUc Htnlii opo. nay Vortical iwllu of the Wefc I* H«l 

lo Hie "Siiosrins Force" (1,34) developed at that scot ion. For Hie 
value sea (S4— S»). 



14. The nature of the strain in the web is a shearing (proper) (III). 



Flanget. 

IB. To nod die Amount of strain ob olther FUMae at any point, 
— Divide the moment of rupture (formnlsa and diagram*, pp. 2 to IB) by 
the depth of the girder, the vertical distance between the centres of gravity 
of the sections of the two flanges, and multiply the quotient by the secant 
<l»4) of the angle which the flange, or a tangent to it at the point, maka 
with a horaontalf 

!«. If the depth of the girder vary throughout at the numenti of 
rapture (1, 87], i.t., aa the ordinatea shown in the diagrams for thou 
momenta (S), then 

(a), the ttraine in the flange* will vary at the tecantt (see II, 144) of 
the angle* of inclination to the horieon. So that 

(&), if the itnun at a horizontal parti ot known, the Urain at any 
other part may be found by multiplying the former by the tccant (see II, 
!«•) of the angle of inclination of the latter. 



11. NoTB. ffor the operation or eatiltiplvin([ by thi 



...~i __ ..instituted a peometrical process. Le( 
A t)C be par-tof acuired flange. Let the value o I 
Cr^.7 ) «* represented to sals by the 
»ori»iUaJ line D! 
(K) on the tangs 

(DBF being the angle of inclination of the flanne 



, luoaeurn.g it rora son» ( potnt 



i the flanges are either direct compression (148), i 
Web. 



TUI.T.-WKBHbD OVBTID IIS ODUQTJ1 SIRDIH. SO 

M.* For the St nil. oa (he Wfb at u> Vertical Section, — Find 
the shearing force (I) developed at that section (34), and modify it aa 
directed below. 

If at the vertical section the flange in compression (tt, IS) be inclined 
down j ff ^ m j , oi the flange in tension be inclined down j f ™ m j , the 
nearest point of rapport, j ^ I tbevertieal eoruponeut of the strain 
in that flange j Jj 1 I the shearing force. The sign of the result need not 
ben be regarded. 

If S = strain in flange, 

8 = angle which the flange or a tangent to it makes with a 
horizontal line, aa D E ? (fig. 37) ; then, 
S x Sin 8 =:. the " vertical component referred to above." 

81. Dy Construct Ids.— Dra-*- s vertical A B = sheai- _ F1 E-&< 
ing force. If the flange in 
down from, or the flange i 
down to the nearest point o: 
the latter case), — Draw C~ 
tion and amount the strain i: 
boriiontal drawn through D 
will be the vertical 

Again, if the flange in < . 
from, or the flange in tension bo inclined dow 
nearest point of support (we will suppose the latter case), — Let it be re- 
presented bvEP. Obtain its vertical component SB, which should be 
added to A B, in the same way that AC was subtracted from it. Then 
C E will be the total resulting strain on the web. Should the amount to 
be subtracted exceed the sum of the original and that added to it, the 
difference must still be taken. 

81*.. The strain taken must be that obtaining when the shearing force being 
considered is developed. For instance, with a load gradually advancing screes 
abeam supported at both ends, the maximum ■hearing force will be developed at 
Uie centre, when the load covers only half the span (45), at which time the moment 
or rapture, from which the flange strain la found, wilt be that given by (30), and 
not by (IB), which latter would be used when making the calculation for the 




83. Hon. It will obviously follow, from the above rules, that in 
girders with curved or oblique flanges, the maximum strain in the web does 
not necessarily occur when the maiimum shearing strain is produced. 



* The rules, 4c, given here are not advanced a> 
icreia much connected with the eHeetof *■■■ 



OtLOVLiTIOS 
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M. At an j vertical section of a girder the strains in tie two booms are 
oppoaite in kind. (See S5, which also applies here.) 

SB. When the girder is loaded at the joints (81), the strain in any bay 
of either boom ia constant throughout its length, and acta only in the 
direction of its length. 

88. A bay cannot be in direct compression and tension simultaneously 

ST. Whentvtr Iht load or pari of the load upon a girder u titaaled 
bttvxtn the two exircmitiet of any bay, that bay must be considered as a 
loaded beam, and the strains in it calculated and provided for accord- 
ingly. 

WO, 

88.. The strain on any brace is constant throughout its length, and acts 
only in the direction of its length. 

SB. A brace cannot suffer compression and tension simultaneously. 

9#>. If two or more strains, not all of the same hind, be acting upon a 
brace at the same time, the total actual strain in the brace will be equal 
to the algebraical sum of those strains.* 

•1. Tbe Nature or the Strains in the diagonal braces of girders 
symmetrically loaded will be — 

(a) in all bars inclined down (o the nearest support — compression (IBS). 

(b) in all bars inclined down from the nearest support — tension (1ST). 
W. If the girder be not symmetrically loaded, some of the bars will be 

Subject to strains of a nature contrary to that stated in (•!). 

■if. Cnattr Minting. — With a moving load, some of the bars will be 
subject to strains both of compression and tension, depending on the 
position of the load and the proportion it bears to tbe weight of the girder. 
The strain not according with (»1| is known as tbe " faultier strain." 

Norn. (M) and (93) do not apply to semi-beams Or cantilevers. 
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94. If the load be brought only upon one boom,* any two bars forming 
an apex on the unloaded boom may be termed a "pair ;"+ if these make 
equal angles with the boom they are equally strained. 

95. If both booms be loaded, then — 

(a) in a warren (zig-zag or single triangle) girder there will be no 
" pairs." t 

(6) in a straight lattice t girder, if the load be equally divided between 
the two booms, bars intersecting at the mid-depth of the girder, and 
making equal angles with the booms, may be termed a "pair," and are 
equally strained. 

CALCULATION BY MEAN 8 OF THE MOMBNTS OF RUPTURE (pp. 2 to 15) 
AND THE SHEARING FORCES (pp. 16 to 23). 

99. Loads resnlarlr concentrated at the apices of the diagonals, 
may be considered as uniformly distributed loads (w, in 9 
and 34) when the moments of rupture (1) and shearing glg ' * 
forces are being determined, so long as the concentrated 
load at any apex is equal to half- the sum of the supposed 
uniformly distributed load on the two adjoining bays. Thus 
the weight at A (Fig. 89) must be = £ that at B, before the load can 
be considered as uniformly distributed. If the uniformly distri- 
buted load were on the bottom boom in the fig., the weights concentrated at 
C and D would be equal. 

GIRDERS WITH PARALLEL STRAIGHT BOOMS. 

97. Note. As the depth of the girder (a constant divisor in calculating 
the strains from moments) is uniform, the diagrams (4, 5) may be con- 
sidered to give strains instead of moments, if the vertical scale be multiplied 
by the number of units of length in the depth of the girder. 

Thus, suppose the diagram had been drawn to a vertical scale of six 
tons to the inch, and that the depth of the girder was two feet (the foot 
being the lineal unit used in the case), then the ordinates in the diagram 
may be considered to give actual strains instead of moments if they be read 
off on a scale of three tons to the inch ; three tons to the inch being a scale 
twice as large as six tons to the inch. 

98. Note. The Depth of the Girder is the distance between the 
centres of gravity of the cross sections^ of the booms, and must always be 
expressed in the same units of measurement as the length of span (2» 34). 

99. Warren Girder (single triangle), isosceles Bracing, loaded on 

One Boom Only — for any case given under Moments of Rupture, 
pp. 2 to 15. 

Boons. §— For the strain in any bay (84—87) of the unloaded boom, — 
Divide the moment of rupture (M*in the formulae, or the ordinate in the 



* Verticals from loaded bays to opposite apices may be considered to distri- 
bute the load between both the booms. 

t When two bars are said to form a pair, it is meant that the same amount </ 
the vertical pressure of the load it transmitted through them both. 

X Any girder whose web consists of more than one system of trianpnlation is 
considered a " lattice." § See also 97. 
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diagram, for the case 7 to 33) at the opposite apex, by the depth (98) of 
the girder. Por any bay (84—87) of the loaded boom, take the arithmetical 
mean (half the ram) of the strains in the two opposite bays of the unloaded 
boom. 

Wsb. — For the strain on any pair (94) of diagonals forming an apex on 
the unloaded boom, — Multiply the shearing force (S Hs in the formulae, or 
the ordinate in the diagram, for the case 34 to 52), developed at the apex, by 
the secant of the angle which the brace makes with a vertical ; or increase 
the shearing force (as above) in the proportion of the inclined length of 
the brace to its vertical depth. For the counter strains (93) from moving 
loads, see (100). 

100. The Counter Strains (03) in girders not continuous will be given 
by the smaller value of the two shearing forces given in 42 or 45, 
or by the ordinates (35) to the lines (AK, E B. fig. 30, or A E, K 13, 
nig. 32) in the diagrams which accompany those several cases ; the values 
thus obtained being, of course, multiplied by the sect. (77. 126) of the 
angle between the brace and a vertical, and subject to indeed all the other 
stipulations made (under " Web") for the strains normal. 

101. In continuous girders with moving loads the counter strains are 
indefinite, but may be supposed to act equal in intensity to the values 
allowed for the regular strains, and for some distance on either side of the 
point of minimum shearing force * (51, 52). 

102. Warren Girder, Isosceles or scalene Braeln*, with the Load 
bronnht Eaoally npon Both Boomsf — for any case given under 
moments of rupture, pp. 2 to 15. 

Booms. Z— For the strain in any bay (84 — 87) of either boom, — Divide 
the moment of rapture (M«in the formula), or the ordinate in the diagram, for 
the case 7 to 33) at the opposite apex, by the depth (98) of the girder. 

Web. — For the strain in any brace, multiply the shearing force (SB* 
in the formulas, or the ordinate in the diagram, for the case 34 to 52), developed 
at the mid-length of the brace, by the secant (126) of the angle which the 
brace makes with a vertical ; or increase the shearing force (as above) in 
the proportion of the inclined length of the brace to its vertical depth. 

For the counter strains (93) from moving loads, see (100, 101). 

103. Girder with One Sjrstem of Vertical Strata and Inclined 

Ties, loaded either on the top or 
Fig * 40 » bottom, or both— for any case given 

under moments of rupture, pp. 2 to 
15. 




Booms.?— For the strain in any 
bay (C D for instance) of either boom 
(84—87), — Divide the moment of 
rupture Q&* in the formulas, or the ordinate in the diagram, for the case 7 to 



* Actually there will be counter strains for a greater length of the several spans 
than there will be necessity practically to provide for them in, as their amount 
will always be exceedingly small near the piers compared with the other strains. 

t This is accomplished when there are verticals at the unloaded apices. 

X See also 97. 
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33) at the opposite apex B, by the depth (98) of the girder. The strain fa any 
bay of the upper boom in a whole girder (A B, fig. 40, for instance,) will be equal 
to the strain in the bay (C D) of the lower boom on the mid-span aide of the oppo- 
site apex ; for the moment of rupture will be taken at the same point (horizon- 
tally considered) for both the bays. The bays G £ and F G are unnecessary for 
an independent whole girder. 

Web. — Struts. If the load be only on the upper boom, the compression 
on any strut will equal the shearing force (S H* in the formula), or the 
ordinate in the diagram, for the case 34 to 52), developed at the middle 
of the adjoining bay on the far abutment tide ; * if only on the lower, 
then that at the middle of the adjoining bay on the near abutment side ; 
and if equally on the upper and lower booms, then that developed at the 
strut itself. 

Ties. For the tension on any inclined tie, — Multiply the shearing force 
(34) developed at its mid-length by the secant of the angle it makes with 
a vertical, or increase that shearing force in the proportion of the length of 
the tie to the length of a strut. 

Counter Strains (03 — 101). In a girder with the bracing disposed 
similar to that in the figure, a moving load, or a load covering less 
than either half of the girder would produce tension in some of the 
verticals and compression in some of the diagonals (to estimate which see 
100). This can be obviated by introducing other ties (as H C and H F) which will 
suffer the ten sion otherwise brought on the verticals. These ties would, however, 
be useless with a stationary symmetrical load. 



104. Warren Girder with scalene Bracing, loaded on one Boom 

—for any case given under moment of rupture, pp. 2 to 15. 

Booms, f — For any bay (84 — 87) in the unloaded boom (C D, fig. 41, for 
instance), — Divide the moment of rupture (M* in the formulae, or the ordi- 
nate in the diagram, for the case I to 33) at the opposite apex(G), by the depth 
(08) of the girder. 

The strain on any bay of the loaded boom (as E G, fig. 41) will bear the 
same relation to the strains in the opposite bays (H and C D) as its apex 
does to their apices horizontally considered (that is, as the point F does to 
the points £ and G). Therefore — 

EF 
Strain in E G « Str. in H C + =,-x (str. in C D — str. in H C). (See 105). 

Web. — For the strain in a pair (04) of braces forming an apex on tbo 
unloaded boom, — Multiply the shearing force (S H* in the formnlee, or the 
ordinate in the diagram, for the case 34 to «8), developed at the middle of the 
loaded bay included between the bars, by the secants of the respective 
angles which they form with a vertical J or increase the shearing force (as 
above) in the proportion of the inclined length of the respective braces to 
their vertical depth. 

For the counter strains (03) from moving loads, see 100. 

105. Method of applying the Diagrams for the moments of 
Rupture to the foregoing cases.f 



* Or the " no abutment" side in a semi-beam. 
f See also 07. 



C1I.CDLATI0H 0» BTSAIBS. 

i ■ before etated (M), loada which are in reality concentrated at the spicee may 

'■■■— ■■' if. .ml.v distributed if they be anchaaa unifonnly dietributeu 

. the aploee In question. 



lece Hie fliagrem of the momenta of rapture (I) for the case 
wirt, 4c. (I toSBJ immediately above (or under), and drawn to th 
' ' --■- nth* akeletonelevaiionfaS,l») of tbe girder. (Seeflg. 

i. —:. ]y jjj^u-.-. „.., ...».., . L . .. 



of loading, 
i which 



the load i> anppoeed to be uniformly dieulbuled (•«, IB) along Ihe upper boom.) 
Draw verUcale right through the diagram at each or the kiadei apicee, whether 
ononecrbothboomafaiEr. andUG fig. »l.) If the lines lu or from which tbe 
ordinatea in the diagram are anppoeed to be taken be carved, draw chorda to 
that carve at Ihe intereeotiona of the verticals juat drawn with that curve (aa in 
Bjr.al.l A polygon wiU be thai formed, end toe strain on any bay of either a loaded 
or unloaded boom will be given (IT] by the ordinate to that polygon taken at the 
opposite apex. (SeealnlM.) 

For tbe diagonals Ihe shearing forces may be taken directly from Ihe diagram 
for Ihe oaae (M to 61) drawn to a large seals (St), subject to the modifications 
given under " Web " m the case* above. 

IM. Not*. If all (he line* in the diagram for the moments of rapture, 
to or from which the ordinatea are directed to be taken, be Mlraight, then 
tbe (train id any bay ot either boom, whether loaded or unloaded, may be 
found from the ordinate taken at the oppoeite apex, by dividing the value 
of that ordinate by the depth of the girder (unless VI be complied with, 
■ hen the latter operation must, of coarse, be omitted). 

Mt. lattice Girder liilhovl a central bay, and if of more than too 
lyitemi of triangle* then with a complete 
*>*• **• tyitem of triangulatum in Ike half 

span (fit A B <J I> E F Gl, but any num- 
ber of intermediate tj/etemt loaded 
nnlEormlv on one boom far aa eeUl 
lance on cither aide or the nld 
at (Bee lift): may be applied also to 
* 'nnoua girders (S»— S3). 

'lace the digram (5, *■ »0 for 

jw) thfl outline aketob of the 
girder i») aa in flg. at. 

Draw chorda and tangents (aa shown 
in Gg. } at points {C E' Q'} corresponding 
with the divisions made bjthe "primary 
triangle*." Two polygons will tine be formed, one by (or including*) the 

* When fill la applied the load betas; centrally situated, the chorda and tan- 
tenia wi j of course extend only along the parabola O E D (fig. IB). 



ss 

chords, Another by (or including*) the tangents. For the strain in nnj 
bay of the unloaded boom take the ordinate to the eircttnucribtd polygon,* 
at the centre of the bay ; and for any bay (as E H) of the loaded boom take 
the ordinate to the nun-toed polygon* at the centre of the bay. If the orrtl- 
nates represent the momenta of rapture (4, S, n), divide this value by the 
dejith i»a.) of the girder. 

Web.— Divide the load per unit of length (34) by the Dumber of sys- 
tems of triangles [= the number of baya in the base of one of the primary tri- 
angles) for a new unit of weight, w, ; thus- = w, or - = »',. Then for 
tbe strain on any pair (»8) of lattice bars,— Multiply the shearing force 
<S II, in the funnulie, or tbe ordinate in the diagram— 3*. SS.— calculated or 
eonstrnoted with the new unit i L ,nr »', ,) developed at their apex by the 
secant of the angle they make with a vertical, or increase that shearing; 
force in the proportion of the inclined length of the bat to its vertical 



It*. Am lattice teml-alrdcr loaded on One Boom ottlr. 

Books.— It tbe load be concentrated, see lit. If distributed, place the 
diagram for the moment* or rupture (a, 5) 

sietch of the giraerfB*). ' *' 

Trace out the system of triangulation 
which terminates fairly at the extremity 
of the girder (see the thick lines in the 
fig.) To the curve of moments (a, s) 
draw chords and tangents at points 
( B', V) corresponding to the divisions 
made by tbe triangles just traced out 
<D, K, fig. 43). If necessary for the con. 
atruction, the diagram may be continued 
into the abutment Two polygons will 
thus be formed, when, whatever be the 
number of systems of triangulation, — 
For the strain in any bay (84—81) of 
the unloaded boom take the ordinate, 

at the centre of that bay, to tbe drcumttfiUd polygon ; and for any bay 
of the loaded boom, to the iiucribtd polygon. If tbe ordlnates represent 
the moments of rupture (4, S, SI), divide their value br the depth of the 
girder (M). 

Web.— If tbe load be con centra ted, see (119). If distributed, divide 
the load per unit of length <w) by the number of systems of triangles 
( - the number of bays in the base of a primary triangle (* inflg. 43) for a new unit 

of load ( - = ss, J, Then for the strain on any pur (OB) of braces forming 

an apei on the unloaded boom,— Multiply the shearing force (s H. in the 

with the Juno unit r,— 34. 10, developed at their apex, by tbe secant of the 
angle which they (each) make with a vertical, or increase tbe shearing 
force (as above) in the proportion of the inclined length of the brace to ila 
vertical depth. 



It*. aatttee-Giruer, 1/ whole, and of more than two tystemi of tri- 
angle!, then not without a central apex on one or other of the boomt (see 
% 44), leaded ontrorvAix nil eanallr on both (be B»ms for u 
r«u>i Plstuce ob ritorr side or tke Mld-iima, may be applied to con- 
tinuum girders (SC— 3S). 

Boons. —Place the diagram (4, B) of tbe momenta or rupture (1) Immediately 

above (or below) tbe ontliae sketch (S3, B8> 

Pig. 44. or the girder (as in the fig., where tie loud 

is supposed to extend over the whole 

lenetii or the girder). 

Where tbe liae to or from which the or- 

dinates are taken is cttrved, draw chords 

it at points <E' P' Q' C) correspond- 

„ to the several apices (an both booms) 

of the system of triangulation which has 

an apex at the mid spaa (E F Q C in fig. > 

For tbe strain in any bay (84— 81) of 

either boom, lake the ordinate to the 

polygon, * thus formed, at the centre of 

that bay. if the ordiuates represent tbe 

moments of rnptnre (*. 8. VI), dmdo 

their value by the depth of the girder. 

Wbb. — Divide the load per unit of length («) by the number of systems 

of triangulation (— the number of bays In the base of one of the primary 

triangles,— 3 in % 44) for a new unit of load ( — = «,)■ Then for the 

strain in any lattice bar, or pur +■ of bars. Multiply the shearing force 
(SHj, ia the formulas, or tbe ordinate in the diagram for the case— 34, 3B), 
developed at its or their mid-length, by the secant of the angle it or they 
(each) make with a vertical, or increase the shearing force (as above) in 
Ihe proportion of the inclined length of brace to the vertical depth. 

IMA, // there be only Two Syttetni of Triangulation. Then for the 
■train in any bay (84 — SI) of either boom. Take the arithmetical mean 
between the moments of rapture at the two ends of the bay (j> and j), and 
divide it by the depth of the girder. 

Strain in any bay = - . 

The chords in the diagram will, however, giro the same result. 

110. Coaeeatiated loads m Lattice drd«n. If a lattice girder be 
subjected to tbe action of a concentrated load at aoyapei, as at D (fig. 421, 
the system of triangles npon one apei of which the load is situated 
(ABCDBKG, Ac.) should be considered as constituting the sole web of 
the girder— that is, as far as the concentrated load is concerned, for there 
ia also the distributed weight of the girder (SI). The strains from tbe con- 
intermediate bracing did not exist. Indeed, to introduce other systems of trisn- 
ales for a stationary concentrated load would be an error in design, unless the 
boom npon which the load is placed be made aoffloiently rigid to distribute part 
of tbe pressure npon adjacent intermediate apices, in which case the strains 
would be very indefinite. 

^application of case (»1) the lines A.F andG B (flg. IB) must bo con- 
of systems of triangles be even 



CURVED OR OBLIQUE OPEN-WEBBED GIRDERS. 8' 



OIBDEBS WITH CURVED OR OBLIQUE BOOMS. 

111. Aajr Carved or Obllave whole or Semi-girder with a Single* 
trlan*alar Web, loaded oa Oae Boom.* (This will include many roof 
principals, bow-string: girders, bent cranes, Ac.) 

Boohs. — If alternate braces be vertical, then for the strain in any 
bay of either boom; if not, then for the strain in any bay of the un- 
loaded boom only, — Divide the moment of rupture (m* in the formulae, or 
the ordinate in the diagram (4, ft), for the case 7 to 33) at the opposite apex by 
the length of the perpendicular let fall from that apex on to the bay. For 
the strains in the loaded bays, when ail the braces are inclined, the best 

way is by the diagram as follows. Place the diagram of the moments of 
rupture, immediately above (or below) the outline sketch (53, 59) of the girder. 
If the lines in the diagram to or from which the ordi nates are directed to 
be taken be curved, draw chords at points corresponding to the posi- 
tion of the apices in the loaded boom. Then for the strain in any bay of 
the loaded boom, divide the value of the ordinate to the just-formed 
polygon, taken at the opposite apex, by the length of a perpendicular let 
fall from that apex on to the bay (121). (See 154.) 

Web. — For any brace, first determine the shearing force (34), acting at 
the middle of the bay on the loaded boom, which forms part of the same 
triangle with the brace in question. Next, find the vertical components (M, 
91) of the strains in those bays which are opposite sides of a quadrilateral 
figure, whose diagonal is the brace in question. If either of these bays be 
part of a boom in tension, and sloped as a strut (91), or part of a boom in 
compression and sloped as a tie (91), add the vertical component of the 
strain in it (already found) to the shearing force first obtained. Again, if 
either of the two same bays be part of a boom in compression and sloped as 
a strut, or part of a boom in tension and sloped as a tie, subtract its 
vertical component (already found) from the result of the last operation 
(the addition, if any). The total resulting quantity must then be multi- 
plied by the secant of the angle the brace makes with a vertical, or 
increased in the proportion of the inclined length of the brace to the ver- 
tical distance between its ends. If the sign of the result be negative (— ), 
*o shows that the nature of the strain on the brace is opposite to that 
which its position would have indicated according to the general rules (91). 
// the brace be horizontal, the shearing force must be disregarded, and the 
horizontal components of the bays substituted for their vertical components 
in the process detailed above. The strain in a horizontal bay can have 
no vertical component. 

112. Any Carved or Obllave whole or 8eml-airderwlth a slnzle- 
trlananlar Web, loaded eaually on Both Booms. 

Booms. — For the strain in any bay of either boom, — Divide the moment 
of rupture (Mi in the formulae, or the ordinate in the diagram (4, ft) for the case 
1 to 33), taken at the opposite apex, by the length of a perpendicular let 
fall from that apex on to the bay. (See 154.) 

Web. — As in the last case, excepting that the shearing force must be 
taken at the mid-length of a line joining the centres of the bays, which are 
two opposite sides of a quadrilateral whose diagonal is the brace. 



* Bee foot note (*), p. 31 . 



33 



CALCULATION OF STRAINS. 



113. For Continuous Girders, and Girder* fixed at the Ends, the 

foregoing methods may be used in connection with cases 24 to 33 and 46 to 
52, provided that the conditions stated in the latter and below (11 3 A) are 
complied with. 

113A. Wherever there is a negative moment of rupture at (or for 
safety in practice near) the abutments, the girder should be anchored down 
at its extremities. (See foot notes, pp. 13 and 15.) 

114. Fixln* the Points of Inflexion or Continuous Girders. — The 

points of inflexion (23) may be practically fixed at any part of a continuous 
girder subject to a moving load, by severing either boom at that part ; 
if the upper boom, the parts thus severed must be prevented from coming in 
contact. The structure is thus resolved into a series of independent girders, 
the strains upon which can then be most readily calculated. 

Fig. 45. 




Example. — in the accompanying fig. (45), by severing (or really removing) the 
bays of the upper boom opposite C and D,AO and D B become virtually semi- 
pirders, each having to sustain in addition to the distributed load upon its length, 
1ml f the total load on D, suspended at the extremity (11, 39). CD is simply an 
independent girder supported at both ends. 



115. The points of inflection may be considered as fixed in those con- 

tinuous girders, and girders fixed (or 
**&' **' tied back) at the ends, whose depths 

vary as (or nearly as) the moments of 
rupture. The strains in these also 
may be calculated as if the several 
divisions were independent girders. 

If the tension members running down 
from the towers (as in fig. 46) be made to 
p ct simply as suspension chains, the strains 
on them may be obtained from 155 or 118. 




CALCULATION BY THE COMPOSITION AND RESOLUTION OF FORCES. 

(applicable to all oases of open- webbed independent girders.) 

116. The following principles should be applied to the calculation of the 
strains on the various members of an open girder (discontinuous) by (1st) 
finding the reaction of the supports from any weight in the girder, and 
% {2tid) tracing this reactionary pressure throughout the various parts. 





COMPOSITION AND RESOLUTION OF FORCES. 39 

117. Reaction of Supports. Let a and o equal the distances from the 
supports A and B, respectively, of the 

centre of gravity of a load (W) on a *** g * ^ 

beam. Then, 

Pressure on A = Reaction of A = W -• 

V 

Pressure on B = Keaction of B = W y 

In girders, properly so called, the sup- 
ports are supposed to be capable of resisting vertical pressure only. Their 
reaction can then only be vertical, and this must be borne in mind.* 

118. Composition and Resolution of Forces. If two forces (ab and 
a c) acting at a given point (a), be represented both 

in direction and amount by the two adjacent sides Fig.4B: 

(a 6, a c) of a parallelogram,, an equivalent force 
will be represented in both direction and amount 
by the diagonal (a d) of that parallelogram. 

The converse of this is also true. 

119. If three forces, acting at a given point, be in 
equilibrium (balance), their direction and amount 

will correspond to the three sides of a triangle, if any two of which be 

given, the third may be found. This triangle is nothing more than a b d or 
acd, fig. 48. 

120. If there be more than one concentrated load on a girder, two 

courses may be followed : 

The reactions and the strains produced by each weight separately may 
be found, and the algebraical sum (see foot note, p. 30) taken ; or, 

The reaction of the piers from the whole load may be worked towards 
the mid-span, the downward pressures of the several weights (when they 
are met with), being compounded with the other pressures during the 
progress. See Example (122). 

The first should be adopted when the load is variable — for then the 
maximum resulting strains of either kind on any member may be fouud 
(136) ; the second when the load is stationary. 

EXAMPLE— 
Strains in a Bent Girder [Roof Principal). — Plate I. 

121. Calculation by the Moments of Rupture (1 to 33) and Shearing Force* (34 

to 5*). 

AFKishalf of a bent girder whose clear span is 80 feet. The lower boom 
consists of chords to a curve of 96 feet radius ; and the upper, chords to a curve of 
57 feet radius. The load is considered as uniformly distributed (regarded 
horizontally) on the upper boom, and =. 8 tons = '1 ton (w) per foot of span. The 
braces are alternately vertical and inclined. (See 111.) 



• Where the structure abute against the supports, and those supports are 
supposed to be capable of resisting the lateral uressure, the structure is virtually 
an arch, and the reaction of abutments must not be considered solely as ver- 
tical. (See 146.) 



40 CALCULATION OF STRAINS. 

Strains t» the Booms. — The strain in the upper boom is compressive* 
and in the lower tensile (65). As the braces are alternately vertical and inclined 
(111), the strains in any bay of either boom will equal the moment of rupture (1) 
for the case (19) taken at the opposite apex, and divided by the depth of the girder 
taken as a perpendicular from the apex on to the bay. (See Plate I.) 

The moments of rupture (M) may be obtained either from the formula 

(li=~ (l—x) (9) (19))* or, from a properly constructed diagram (4, 5). 

The depths (as above) must be scaled from the outline sketch (58—59). 

The diagram for the moments as given in 19 apply properly to the unloaded 
boom only; while for the loaded boom, an inscribed polygon is required (111), as 
shown in Plate I. But wherever the apices on one boom are vertically under (as 
in the present instance) or over those on the other boom, it will be evident that 
the only ordinates required from the polygon will be those taken to its angles, 
that is, to the very points where it coincides with the parabola: so that the 
polygon is unnecessary. 

It will be seen that by drawing the lines of construction for the parabola, as 
dotted in on the Diagram, there is really no necessity to draw the actual curve. 
(See also note to 939, III.) 

. . . M wx(l — x) __Diagram Ordinate 

Strain in any bay = -— ■ — -- — - -= • 

d 2 « d 

By Formula. By Diagram. 

•1 X 5 x 75 18-75 

StraininAB=z 2 x 1*6 =~J^j" «= 11*7 tons. 

• 1 X 13-75 X 66-25 _ 45 53 
,, BC= o v 3*9 — a 9 = 11*8 tons. 

•1 X 22-25 X 575 6468 
CD = axT7 -"i-j-" 11-3 tana. 



»» 



»» 



t* 



»» 



»» 



»» 



»» 



•1 X 31-25 X 4375 76'17 



DE = - 




2X69 


"~ 69 


= 11039 tons. 


•1 


X 


40 x 40 


80 




Jfi r ss. 


2 


X7-25 


= 11*031 tons. 


AG = 




18-75 • 
f-9t 




= 9'8 tons. 


GH = 




18-75 • 
2*0 




■» 93 tons. 


HI = 




45-63* 
"4*5 




= 10-1 tons. 


IJ = 




6468* 
61 




— 10-6 tons. 


JK = 




7617* 
708" 




= 107 tons. 



Strain3 in the Web. — The values of the Shearinn forces (I, 34) msy be 
obtained either from the formula for the case (44) or from a diagram (35), the 



* The moments of rupture are the same as for the upper boom, as the apices 
are at the same horizontal distance from the supports. 

t This " depth " is a perpendicular, let fall from B on to AG produced, (See 
Plate.) 



EXAMPLES. 41 

triangle A'ffC (Plato I .) corresponding to A B fflg. 31). The vertical compo- 
nents of the strains in the booms must be obtained (111) either by (80) multiplying 
such strains by the sines of the angles of inclination of the several bays (as the 
angle i j D for the bay D E, Plate I.)» or by a geometrical construction, as enow 
for the bays D B and I J; for the former, D j is the strain in the bay, and D i tho 
vertical component. 

Strain in any brace = j S H ±_ (vert, conip.) + (vert, comp.) \ sec. 0, 

Strain in F K = '437 — '85 = — '413 tension.* 

„ K E = ('437 + '48 — '86) X 1*7 « '114 tension.^ 
„ E J = 1*3 + '48 — 26 = — *82 tension. 

„ J D = (1-3 + 1'4 — 2*6) X 2 = '218 tension. 
„ DI =2*2 + 1*4 ~4'3 = — -7 tension. 

„ I C = (2*2 + 2*22 — 43) X 35 = 42 tension. 
, , CH= 307 + 2*22 — 6*2 = — '93 tension. 

H B = (8*07 + 8'0 — 6*2) X 9*5 = — 1 '24 tension. 
„ BGb Din*, bet. vert. comp. of A G and G H. 
= 3'0 — 3*7 = — '7 tension. 

132* Calculation by the Composition and Resolution of Forces (116—120). 

For the data see 121. The weights (125) on the several apices ot the upper 
boom most be considered as half the load on the adjacent bays, the load being 
horizontally uniformly distributed. Thus at B will be (2*5 + 4*375) x '1 tons 
= '687 tons ; and on each of the remaining apices on the upper boom 8*75 X '1 
= '875 tons. The sum of all these weights on the girder will be 7*5 tons, the other 
*5 ton being supported directly by the two piers ('25 ton on each, being half the 
load on the outer bay). The reaction (117) of either pier from the total load on. 

7'5 
the girder will be y m 3*75, and this must be worked up to the centre by the 

application of (118 or 119). 

At pier A (Plate I.) draw a perpendicular (A 6) = the reaction of A as above. 
Produce AB to a, and through 6 draw b a parallel to AG. A 6 a is the triangle 
ot forces at A. Then (119) 6 a is the tension in AG; and A a the compres- 
sion in AB. Through a draw a c parallel to G H ; then a c b is the triangle of 
forces at G ; c a is the tension in G H, and c b that in G B. At B there are acting 
the compression in A B, the tension in G B, and the vertical pressure of the 
weight ('687 tons) at B, all of which are held in equilibrium by B C and B H. Let 
A d = the sum of the tension (c b) in G B and the weight at B. Join d to a ; and 
dais the resultant of the three forces just named. To avoid confusion, repeat d a 
at ad*. Through <f draw d' e parallel to C B ; and through a t ac parallel to B H. 
Then e d' is the compression in B ; and a e the tension in B H. Transfer at to 
cf, and join/ to a ; then/a is the resultant of the strains in B H and G H ; which 
resultant may be resolved in the directions of H and HI; and so on to the 
centre. 

The inexperienced practitioner will find it more convenient and safe to 
work by the parallelograms (118) instead of the triangles of forces, as the 
nature of the resulting strains is more clearly shown by the former, and 
there is also less liability to confusion. 



Methods of Calculation founded on the Parallelogram of 

Foeces. 

123. General law of the Strains in the Booms or Horizontal 
Straight Girders. The' increment of strain developed at any apex in tbe 



See 111," Web. 



»» 




42 CALCULATION OF STRAINS. 

bocm, is ftqual to the resultant of the horizontal components of the strains 
in the two diagonal bars forming the apex. 

Let ab andac represent in direction and amount the strains in two bare 

forming an apex, one bar being in compression, the 
Fig. 48. other in tension. Let the verticals b d and e e be drawn, 

and through a, the horizontal de. Then bd and ee will 
correspond to the load on the diagonals ba and ac respec- 
tively ; da and ae will be their horizontal components ; and 
d e will be the increment of strain developed at a. 

When, however, the strains in the bars are both tension 
or both compression, their horizontal components will be 
antagonistic, and the increment will then be the 'difference 
between them instead of their sum (as d e). 

A vertical brace has no horizontal component. 

124. The general Rules for booms and bracing (84 to 95) hold good 
here also. 



125. If the load be mot concentrated at the apices, each apex must 
be considered to sustain part of the load on the two adjacent bays. If the 
load be uniformly distributed, each apex will sustain half the load on the 
two adjacent bays. For other distributions of load, the pressure or equivalent 
weight on each apex must be determined from 117. The total loads thus 
allotted to the several apices will be called the " weights." 



129. In this division of the work — 
Let $ = Angle made by any brace with a vertical line. Then— 

g q __ Inclined length of brace < ^>> 

~ Vertical distance between its ends ' S ^»* 

p. *qt 

q» a _ TJorixontal distance b etween it s ends ,g v cu 

Vertical distance between its ends " E? 4^ 



«. * H^rfoontal distance between it* end* 

ftin. — incUued length 



* 



; ... Horizontal length •••• 



127. Straight Seml-slrder loaded in any manner. 

Web. — Every weight (125) on the girder is transmitted through its own 

system of triangles to the abutment. The load on any brace is equal to 

v the sum of all the weights upon its system, between it and the unsupported 

end of the girder. For the strain on any brace multiply the load on it (as 

above) by sec. 0. 

Booms. — By (123), — The horizontal component of the strain in any 
brace = (strain in brace) x sin. 0. (126.) 

128, — EXAMPLE. —Let fig. 50 represent a parallel straight girder of otherwise 
irrepular construction loaded at three points {a/e). The weight of the load at a 
is conducted along the braces abode, that at e along cde. If I k represent the 



wsight Va,t a win be the tension (SI) on at, and 1 a = increment (133/ 
tta. If * a slno equal We, n h will equal the _ 

compression inco, and m b the increment s 
ThelondoncdiBeqimJtoW, andWjtogetl 
If p = this load, c will eqnal the tension 

beiiig equal to W,, n/will equal the strab 

^i'hen(lM)thatenaion(M)'iaSB = »S + 
tbatmdy = i'ff + f/+Btnunin g; tha 
id = B d-t-pc + thBl jndo. Boaleothec 
preation(M)ina/— a I; that in/r = t / +■ I 
ma/- tbatint)i = cp + i»6 + thBtinc/+l 
in fa; and en an. Jf the triangles for the attains bo drawn to a large scale, the 
enaina may be obtained quickly and accurate. 

IS*. Si ml slit Warren He ial-«l tiler, Isoseelea Braelajr, loaded nt 
the Extremity. 

Web. — Strain (3) in any brace = W Bee. 8. . . . (1S«.) 

B00US. — Strain (S) in any bay of either boom, 

S = nWtan. 0, , . . (130,) 
where T=the weight, andm=number of diagonals between the centre of 
the baj and W. 

130. Btralaht Warren S-- ml. girder, laeaeelca Brselmt, loaded mil. 
ler—Iy am one Boom. The weight on the ei:d apex = baif that oa the 
othen (w). 

Wsn. — Strain (3) in any pair of diagonals forming an apex on tbe on- 
loaded boom. 

3 = «asee. fl, . . . (lt».) 
where 07 = load per unit of length, and x = number of units between 
the apex and the unsupported end of the girder. 

Booms.— The attain (S) in any bay of the loaded boom, 

S = jmtfa-li + l Iwj/tan. 6 . . . (l»e.) 
In any bay of the unloaded boom, 

S = m* v y tan. 8, . . . (!*•,) 
where m — number of the bay counted from the outer end of the girder, 
and y = length of bay. 

The following cases (to., 131 to 138 inclusive) do not apply to con- 
tinuous girders or whole girders fixed at the ends. 

131. Straight Warren Girder, lnosceles Bruins, loaded at Any 

Win.— Strain (I) in any diagonal be- 
ween A and W, * 

3 = W ^ seel. e. 
In any diagonal between B and TV, 

J = W j see. fl . . . (« 
Boohs. — Strain iu either end bay of the longer boom = (reaction of 
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support) x ten. (llT, 126) ; and if this value be considered a unit, then 
the strains in the bays of the longer boom will be proportional to the series 
], 3, 5, 7, &c. ; and in the shorter boom to the series 2, 4, 6, 8, &c* 
counting from the supports. Thus the strain in tbe second bay of the longer 

boom, from pier B will equal (s W -y- tan. 6 V 

Strain in the bay opposite the loaded apex= ;— d being the depth 

(08) of the girder. Cd 

132. If W be in the centre of the girder, the strain (2) on any 

diagonal, 

W 
2 = -- sec. . . . (120.) 
J* 

And the strain (S) oi the centre bay, 



S = 



id 



133. Straight Warren Girder, Isosceles Bracing, with n eon* 
eentrated Moving Load. 

Web. — Every diagonal except the two end ones will be subject to eounter 
strains (93). The maximum strain normal on any pair of braces forming 
an apex on the unloaded boom, will occur when the load is at the inner 
(mid- span) end of the inclosed bay. The maximum counter strain on any 
pair will obtain when the weight is at the outer (near abutment) end of 
the enclosed bay. The values can be obtained from (131). 

Booms. — The maximum strain on any bay (84-7) of the unloaded boom 
is when the weight (W) is at the opposite apex ; and on the loaded boom 
when the weight is at the next inner apex. The values can be obtained 
from (131). 

134. Any Straight Warren or lattice Girder (isosceles of scalene 
bracing), with any Load symmetrically disposed about the Centre* 

either on one or both booms. 

Suppose the load collected at the apices, according to (125). 
Web. — The load on any bar will be equal to the sum of all the weights 

(125) on its system of triangles, between 

^S' 62 * ' it and the centre of the girder. The strain 

on the bar will equal the load on it, multi- 
plied by the secant of the angle it makes 
with a vertical (126). 

Let the accompanying fig. represent half a 
girder, with loads on both booms symmetrically 
disposed about the centre a. Then the load on 
h a will be half the weight (125) at a, that on be half the weight at a, and the 
whole weight at b ; that on e d\ the weights at c and b and half the weight at a, and 
so on ; fg will take the whole weight at /; ij the whole weight at i ; ef and i e 
will not be necessary. (See foot note, p. 46.) 

Booms. — The strains on the several bays will be best obtained from 
the web, by the application of (123), by summing the several increments 
(commencing at the outer ends of the girder) as follows. 

The strain in on is the increment at o. But the strain in o n pervades tbe 
whole length of the bottom boom, and therefore must be added to all the other 
increments inward* (towards the centre of the girder). The same may be said of 
the strains in the other bays; so that* strain in « »= (inc. at o) + (inc. at <U 
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Strain in r» I == (ino. at o) + (ino. at n) «+■ (ino. atm) = (strain in m n) + (inc. at m). 
Therefore, the strain in any bay is equal to the strain in the next outer 
bay ( + ) plus the increment at the intermediate apex. Note. This applies 
also to semi-girders. 

135* Any Straight Warren or lAttlee Girder (isosceles or scalene 
bracing), witli a uniformly distributed Moving; load.* 

Web. — The simplest method of obtaining the strains and counter strains 
(93) is by tabulating the strains produced by each weight separately, 
using (131, " Web"), which will hold good for other than isosceles bracing, 
provided the sec. (126) is corrected for the varying angles. The co- 
efficient, sec. 0, should not, however, be employed until after the summary is 
made. See example (136). 

Booms. — The strains in the booms are greatest when the girder is fully 
loaded, and may be most easily obtained from the web by (123 and 134). 



Fig. 63. 




136. Ex amp lb. —KB, fig. 63, is a girder 60 ft.long, 10 ft. deep. The lattice barn 
are inclined at angle of 45* with a vertical. 
The moving load is equal to 1 ton per lineal 
foot, = 10 tons at each apex (on the lower 
boom) (125). In tabulating th«> strains, 
only those bars which incline in one direction 
need be considered, for the remainder are 
strained similarly and equally. - (Thus a, 
fig. 63, corresponds exactly with the bar 
intersecting e, and so on). In the table 
below, + indicates compression, and — ten- 
sion. The numbers are the loads on the bars. For the strains, the loads must 
be multiplied by sect. 45* = 1*4. The columns (maximum +) and (maximum— ) 
are obtained by adding the + values together and the — values together respec- 
tively in each horizontal row. The column (uniform load) is the algebraical sum 
of the values in the horizontal rows. 
Tracing the action of W x , it is seen (from 131) that in a, fig. 63, there is from it 

a ioad = W- = 10 x _ = 8 tons, evidently producing tension (— ) j and in e 
* ou 

and e there is a load = W-^ = 10 x i- = 2 tons, as evidently producing compres- 
sion (+). And so on for the other weights. 



Ban. 


Wi 


w« 


W 3 


W* 


Maxi- 
mum 

+ 


Maxl. 
mam 


Uniform 
Load. 


a 


— 8 




— 4 






— 12- 


— 12 


b 




— 6 




— 2 




— 8 


— 8 


e 


+ 2 




— 4 




+ 2 


— 4 


— 2 


d 




+ 4 




— 2 


+ 4 


— 2 


+ 2 


€ 


+ 2 




+ 6 




+ 8 




+ 8 



It will be seen from the above Table that bars e and d (and of course the bars 
inclined the other way which correspond to them) will suffer strains of both 
tension and compression. 



Case of a railway train passing over. 
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CALCULATION OF STRAINS. 



137. Note. — The strains in the web resulting from the weight of the 
girder itself, must not be calculated simultaneously and in combination 
with those resulting from the moving load. They should be calculated as 
for a stationary load (either by 134, or by tabulating as above, to form the 
column " uniform load ").* The values thus obtained for the several bars 
should then be algebraically added to each of the columns ("maximum + ", 
"maximum — ", and "uniform load*'); and it will be found that the 
modification in the first two will be more advantageous as the weight of the 
girder becomes large compared with that of the moving load ; for the 
counter strains (93) will be less, and the amount of counter bracing 
necessary will be diminished also. 



138. Any Straight Open-braced Girder, with a load nnsrmne* 
trieally disposed about tbe Centre. 

Wbb. — a. By tabulating the strains produced by the several weights, and 
taking their algebraical sum ; 

Or, b. By (1st) abstracting the unsymmetrical parts of the load, and 
proceeding with the remainder by (134), (2nd), calcu- 
lating for the unsymmetrical part by (135) ; and (3rd), then 
taking their algebraical sum of (1) and (2). 

Booms. — From the web by (l»3). 



139. lattice Girders bavin* their Diagonal Bars fixed together 
at their Intersection may be calculated as if the bars were not so fixed ; 
for this mode of constructing a girder "can never add to the longitudinal 
strain upon it ; but by calling into play the resistance of the bars to cur- 
vature adds to the stillness of the bridge, "f 



140. Simple Truss. — Let AB = l t WC = d, and e the angle between the 

inclined tie and the horizontal. Then.— 

"** m 

Compression in AB = -ry 

Tension in A C and C B = tt sec. f», 

Compression on C W = W. 
If WC represent -, then AW or BW will equal strain along AB ; and 

AC or CB that in the ties AC, CB. 




W 



* The two methods will not give equal results at and about the very point (th€ 
centre of the girder) where the values are of the greatest consequence. This is 
quite unavoidable ; and the safest course (which need be pursued only in works 
of importance) is to employ both methods, and to provide against the greater 
strains. 

t " Wrought Iron Bridges," by J. H. Latham, 3LA. 
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141. When W is not in the Centre. 

LetAW = d, 
BW = 6, 

f = angle CAW, 
$' = angle CBW. 
The other notations as before. 



Co» pre8 «onalo D gAB = w4 

Id 

Tension in AC = W — sect. 0, 

Id 

Tension in CB = W — sect, f 

Id 

Compression on W C = W. 
For the pressures on the supports, see (117). 



Fig. 55. 




(1*0.) 



142. If the trust in ekher fig. 54 or fig. 55 were inverted, the strains on 
the various parts would change in kind bat not in amount. 



143. In both the above cases, the tension. on the ties and the direct 
(87) compression on A B would remain the same as at present, if instead of 
being loaded with the concentrated weight W, a load equal to (2 W) were 
spread uniformly along AB. 

144. Compound Trass. — A structure of this kind may be regarded 
as compounded of a number of simple trusses (140). The simple truss 
ACB D has to sustain at its centre (C) half the entire weight of the structure 
and its load. The truss AECF has to sustain at S half the total load 

Fig. 66. 




between A and C. AGEH must likewise be considered as supporting at 
G half the total load between A and E, and so on with the others. With 
a uniformly distributed load on AB, A HE and the three other similar 
trusses would each take | ; AF C and its fellow, each \ ; and A D B, \ of 
the total load. The strains on the various parts can then be obtained from 
(140). The compression along AB is uniform throughout the whole 
length. 



48 calculation 07 strains. 

Aroh Bridges, 
arches with spandril bracing. 

145. Witli a Uniform Horizontal Load. 

Fi 67 Let I = length of span, 

v =* rise, or versine, 

y = horizontal distance of any point 
from the crown, 

w = load per unit of length. 

Arched Rib. — Compression at the crown (C), 

~ wl* 
C = — - 

8i> 
Compression at any other point (C) 




->M7*** 



The. expression for 0' is strictly accurate only when the arch* is a parabola,— 
the carve of equilibrium for the load in question. It may, however, be safely 
used in most oases of practice for arcs of circles. 

Spandril. — If the arch* be parabolic, the only strain on the spandril 
will be the vertical pressure of the load. (See foot note t, p. 49.) 

The spandril may then consist of a number of pillars or struts (as in 

tn 7 

fig. 57), each sustaining a vertical pressure = nearly; N being the 

N — 1 

number of spaces into which the pillars divide the span. 

If it consist of a continuous web, the compression of it per unit of length 
will be equal to w. 

If the arch* be not a parabola, the strains in the spandril bracing 
may be obtained from 80, 81, (for continuous or " plate bracing"), or 111 
(for diagonal open work), the rib being considered as the "compression 
boom." 

Top Horizontal Member. — With a parabolic arch this member 
(D E fig. 57) simply acts as an immediate support for the load (87). With 
an arch not a parabola, there will be a strain on it acting in the direction 
of its length, the nature and amount of which may be determined from 
the increments at the apices of the diagonals in the spandril, by the appli- 
cation of the law in 123 as illustrated in 134. 

146. Witli a Moving; Load. 

For obtaining the strains on the various parts of a braced arch, subject to a 
distributed moving load, the following method may be employed, t 



* More properly the neutral axis, or the line traced through the centres of 
gravity of the cross sections of the rib. 
t Given by B. Stoney, B.A. (in " Theory of Strains") ; and others. 
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Conceire the load to be collected into weights at the several apices on the 
horizontal member, each apex sustain- 
ing half the load on the two adjacent Fiff.68. 
bays. The strains produced by each 
weight separately must then be found 
and tabulated, as in 135* Suppose 
the strains from weight W (fig. 58) are 
to be considered. At W draw the 
vertical W D. From the abutment 
A draw A CD through the -crown of 

the arch (C) till it intersects the perpendicular at D. Join D to 
B. If the weight W be resolved (lis) in the directions A D and B D, the 
amounts and directions of the reactions of the two abutments will be found. 
This may be readily done by producing A D to E, and erecting a perpen- 
dicular at B. Then, if E B equal the weight W, D B will be the reaction 
of A, and D B the reaction of B. If the former be traced up from A 
towards the weight, and the latter from B, by the resolution of forces 
(118, 119) the strains on the various parts may be thus found ; and the 
same being done for the other weights in succession, the maximum strains 
produced by any position of the load may be derived from a table similar to 
that on page 45. 

If the weight of the structure be small compared with that of the rolling 
load, it will be found that some of the end bays of the horkontal member, 
and of the middle bays in the arch, will occasionally suffer tension. See 
also 137. 

UNBRACED AROHKS, 

Or arches whose stability depends upon the stiffness of the rib itself, 

147. The Neutral Surffcee, or neutral curve of an arched rib, is a line 
traced through the centres of gravity (220) of the cross sections of the rib. 

148. The line or Pressures js a line the ordinates to which vary as 
the moments of rupture (1) for the load* 

The line of pressures is given at once in those diagrams (pp. 4 to 6), in 
which the, ordlnates for the moments of rupture are directed to be taken 
from and on the same side of one horizontal line. Where this is not the 
case (as in 20 or 21, for instance), the ordinates must be transferred te 
some new horizontal datum. 

The ordinates may be taken to any scale for ready comparison with the 
neutral curve of the rib. 

149* Whenever in any arch the line of pressures coincides vrith the 
neutral surface, the arch is in equilibrium, and the strain upon it is 
everywhere compressive, f 

• For Masonry and many other Arches casel4 will be found exceedingly con- 
venient. The structure and its load should be considered as made up of several 
small portions, each collected at its centre of gravity. The line of pressures can 
then be obtained by summing the ordinates fpr a new outline, as there directed. 

t Strictly speaking, the pressure on an arch of other than a thoroughly incom- 
pressible material alters the form of the arch ; and this alteration of form, or 
bending action, induces strains similar to those found in beams (see 1 and 23). 
The tension on equilibriated ribs (150, 151) is in practice so small (even where it u 
developed,— for this does not occur till the tension induced by the bending exceeds 
the direct compression on the rib) that it .need not be regarded. 

H 
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150. The Stability or an Arch Incapable or Resisting Tension is 

secure so long as the line of pressures does not at any point deviate from 
the neutral curve by an amount, the proportion of which to the depth of 
the rib is given by the values of q (153) for various forms of cross section. 

- 151. Wherever the line of pressures deviates beyond this limit, there is 
a tension on the rib on the other side of the neutral surface* increasing with 
the deviation. 

152* Pressure along one edge of an arched rib invariably produces 
tension on the other edge, whatever be the form of cross section. 

153. Limits of the deviation of the line of pressures from the neutral 
surface consistent with there being no tension on the rib ; — 

Form, of Cross Section, Value of q. * 

Rectangle i 

Ellipse and. Circle J 

Hollow Rectangle (area = b k — V K) \ 

also I formed section, V being the f i / o' h'* \ / 6' h' \ 

sum of the breadths of the lateral I t \} " b h z / ^~ \ b h /' 
hollows. ) 

Hollow Square (area = K* - fc' 2 ) • ( 1 + p /' 

, / b'h'*\ / 6'A'\ 
Hollow Ellipse * V " TF/^V-TAA 

/ K* \ 
Hollow Circle J ( 1 + -r% )• 

9 

b and V = external and internal breadths ; and 

h and h' = the external and internal heights or depths. 

I, section alike above and below . i ( 1 + w * )• 

A = area of each table or flange ; 
A' = area of the connecting web. 

154. The above values of q should be applied as a test for tension in 

cases of braced arches, and also where the spandril 

ff te* 69 » consists of columns ; for the line of pressures is 

then in reality a polygon, with the angles at 
the apices on the rib. (See fig. 59.) 




154 A. When an Arched Bridge consists off 
several unequal Spans, the neutral surfaces of 
all the ribs should be parts of the same figure — 
(generally arcs of the same circle, or the same parabola). 



* These values of q are from Professor Ranldse's " Civil Engineering. 
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Mus Chiiis.— The curre which the main chains will assume will be 
Terr nearly a parabola. 

Let 10 = load on each chain per unit of length ; 
I = length of span ; 

v = yernine, or depression of the chain ; 
if = angle which a tangent to the chain at an; point makes with a 

jf = horizontal distance of any point from the mid-span. 



Tension at centre, T = — 
At anj other point, 



-v«?y^ 



(H-l) 

Towers ano CoDBTBB-OHaDiB. — The tension on the counter-chains, 
and the pressures on the towers may be readilj found as follows : — Pro- 
duce the tangent to the main-chain at the tower (C) till its length (0 D) 
on a scale of parts, equals the tension at that point (found from 
T" above). Through D draw D E parallel to the direction of the 
counter- chain (C P). Produce the centre line of the tower till it inter- 
sects D E. Then (IIS) C E will giie the pressure on the tower, and D E 
the tension on the counter -chain. 



IK. OBDIUBI 

When a suspension bridge consists or several spans,, the chains of all of 
them mast form portions of one and the same parabola. 

The strains on the whole spans— as B C — will be the same as in (155). 



The strains on tie enter spans (A B) are identical with UiOM in BD, 

Jig. flu 



ai the parts A 1! and B D are equal. But where the abutment span* are 
Dot equal to half the inner ones, the fint condition! made in thin paragraph 
moat be observed, and then 1" = ( - — } see. 9 (Hi), I being still the 

inner apan. , 

The compression on the towers will equal the diagonal of a parallelogram, 
whose sides correspond in direction and length to the tension! in the chains on 
either aide (aa at S in fig-, fll ). 

1ST. imnnioi immos with sloping bods, with a dnitohm hobi- 

Minr-OHAUia.— The curve which each half of the chaina will asanme 
will ba a parabola with ita axis parallel 
"*•"■ to the direction of tha aloping rods. 

. Tension at mid-span, T — -g— ■ ; where 
(w V) is the total vertical load on the 
rods ; the other notations aa in IBS. 
Tension at any other point, 
1" = tny cosec. o> ; 
V being the distance from the mid-span to the bottom of the aloping rod, 
at the top of which IF is required ; and ? the angle which a tangent to the 
chain makes with the horizontal. 

Slofirh Bona. — Tension on any rod, 

<- W sec. P\ 
where W is the rertlcal load on the rod (half the load on the two adjacent 
bays) ; and B the angle which the rods make with a vertical. 

HoxiEOHTli.'MsMBEH. — The compression (c) on the horizontal platform 
at any point distant (j) from the mid-span, is 
• -•yUlLA 

For the toisin, see IBS or 1M. 

IBS. SubpbbsiOM Beidgm WITH Moving Loads are subject to mach 
disfigurement, to prevent or modify which several means have been devised. 

1S9. (1.) An auxiliary girder from pier to pier, anchored down to the 
abutments. If this girder be continuous for each span, its booms (fig. 38 a) 
for about the middle half of ita length must be able to resist a strain 

= fiTi' "^ ^ ' MD * an eajing ibroa of about —j id' being the intensity 
of the moving load per unit of length ; I, the length of Span, and d the 
depth (M) of the girder. 



ABUTMENTS AND PIERS. 63 

1W. (2.) When the bridge consists of several spans, — Fixing the chains 

to the top of the towers, and considering the latter as semi-girders, 

w'l 2 
each one loaded at the extremity with - — , notation as before (159). While 

o V 

the tower is suffering the strains consequent on the application of 
this force to its extremity, there is also a direct compression on it 

~( w+ TT ) ^ This latter, it most be remembered, modifies the ten- 

«ional (4) strains produced by the former. 

lftl. (3.) Inserting diagonal bracing between the roadway and the 
chains. The strains on the various parts may in this case be obtained as 
in 14ft ; they will be altered in kind only, not in intensity. 

lftlA. (4.) A pair of chains of identical curvature, placed one above 
the other, and having diagonal bracing between, the greatest shearing force 

on which would be — =-• 

7 

161 B. (5.) Counter chains attached to the main chains at about | span 

from the abutments or piers, and running down to the latter. They 

should be made to resist a strain of (— x sec. $ j; $ being the angle 

between the counter chains and a vertical. 

lftlC. (6.) Inclined straight chains, for carrying the platform and 
the moving load. They extend from the towers, and meet or intersect 
each other. They are sustained in the required straight lines by rods, 
which are connected to curved chains, the latter having to carry the 
weight of the straight chains only.* The tension on the latter may be 
found from 155. The tension on the straight chains may be most readily 
found by a parallelogram of forces (1.18). 



lftft. Abutments and Piers. 'Girders, properly so called, viz., those 
structures which simply rest upon the supports, bring upon those supports 
a vertical pressure equal to the shearing force developed there. (See last 
paragraph in 4ft. ) 

A hutments of Arches. The thrust at the abutments of an arch is exactly 
equal to the compression in the arch rib at the springing, the value 0* 
which may be determined from 145, 146. 

For the towers and piers of suspension bridges, see 155, 150. 

Whenever the piers of a bridge consist of columns, their strength a* 
such— rtheir liability to flexure, &c. — must not be overlooked. (See 14ft.) 



SECTION in. 
Distribution of Material to resist the calculated Strains. 

(Embodying Processeses VI, VII, p. 24.) 

163. The fttrenjrth of a Structure, or of any part of it, is its ability 
to resist the external forces tending to cause its rupture. 

* Mr. B. M. Ordish's system. 



54 DISTRIBUTION 07 THE MATERIAL. 

164. Axiom. No whole is stronger than its weakest part, 

1«5. Uniform strength. A structure is said to be of uniform strength 
when no one part .would yield before another, supposing the structure to be 
subjected to the load, or a multiple of that load for which it was designed. 

In structures not of uniform strength, all the material in excess of that neces- 
sary for uniforinity of strengh is redundant.* 

To secure uniformity of strength, a constant co efficient of safety (172) 
must be used for the same material strained in the same way. For beam* 
of uniform strength, see 215 — 218. 

1GG. Units. It is necessary to adopt : 

1. Unit of Strain or Stress ; generally 1 lb. avoirdupois. 

2. Unit of Sectional Area ; generally 1 superficial inch. 

3. Compounded Unit of Strain and Area ; 1 lb. per sq. inch. 
Let A = area of a section in units (sq. inches). 

S = calculated strain in units (pounds avoirdupois). 

U = ultimate strength, or breaking weight of the material— 
in lbs. per sq. inch of section. (For numerical values, 
see 231.) 

Co = coefficient of safety (172). 

W S =* working strain (172). 

Principal Strains to be met with in Bridges, Gi&ders, &o. 

1G7. Tension, causes or tends to cause the fracture of the material 
upon which it acts by tearing asunder its particles. 

The resistance to Tension is directly as the area of the cross section of 
the material, taken perpendicular to the direction of the strain (164). 

Sx'Co S 
Area necessary to safely resist a strain, A = — *j — = ™«' 

1*8. Compression, causes or tends to cause the failure of the mate- 
rial, by crushing, buckling, or both combined. 

Crushing. Materials in compression ( " struts ") can be considered liable 
to crushing alone, only when their least diameter (taken perpendicular to 
the direction of the strain) is not more than about £ of their unsupported 
length, f The resistance is then directly as the sectional area. X 

Area necessary to safely resist a strain, A = — = — . 

Buckling. When struts have an unsupported length equal to about 25 § 
times their least diameter, they may be considered to suffer almost en- 



* It cannot be said that the excess is entirely useless; but more on this point 
would be out of place here. 

t Hodgkinson. 

t The resistance to crushing of a body whose diameter normal to the pres- 
sure far exceeds its dimensions in a line with the pressure, is very great* bat 
equally indefinite. 

S For wrought- iron struts with riveted joints, from 40 to 60 times. 
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tiiery by being buckled, * e., crumpled up.* Struts shorter than this fail, 
partly by crushing, and partly by buckling. 

1«9. breaking weioht of COLUMNS. '—Prof. H*dg1cinsori$ formula: 
for cast-iron columns. When of more than from 25 to 30 diameters in length, 



Break, wt. = 



Break, wt. 



44-3 (d»«.- (*'»•«) . 

J™ 7~' 



for solid pillars ; and 



for hollow cylindrical pillars, flat, or firmly fixed at both ends, d being 
the external diameter, and d' the internal diameter in inches, and I the 
length in feet. Columns rounded or moveable at both ends have but \ the 
strength of those flat or fixed ; and the strength of those with one end fixed 
or flat, and the other rounded or moveable, is about an arithmetical mean 
between these two cases. 

When of less than from 25 to 80 diameters in length, let b be the. value 
obtained by the above formulae, and c the crushing load of a short block 
(931) of the same sectional area as the column, then the corrected breaking 
be 

we * bt = 7T|7 

General formula for the breaking ioeiglU of Cast and Wrought Iron 
Columns. 
Let C= compressive resistance of a short block of the same sectional area. 

I 

r — -r= length of column divided by the greatest diameter. 



For cast-iron, 
For wrought iron, 



B. W. - 
B. W. = 



•68 + -1 r 




85 + -04 r 

Breaking Weight in tons per square inch of section. 

13,500 



cast iron, 



Bound 



wrought iron, 
Square timber, 



830 + r 5 
34,000 
2000 + r 3 ' 
850 
850 + A 



Breaking Weight of timber pillars, taking the strength cf a cube as 
unity. 



Value of r . 
Breaking weight . 



1 
1 


12 
i 


24 
t 


36 
i 


43 
* 


60 



* Professor Hodgkinson. 
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170. long steuts should be made with a cross section, which will 
3tg c ft ^ insure a certain amount of rigidity or stiffness, and 

thus resist the tendency to buckle : or. they should 
be braced (either externally or internally), and 
thus divided into a number of shorter lengths, 
t each of which (and, therefore, the braced strut as 
a whole) may be considered as suffering crushing alone. • 

171. Shearing causes, or tends to cause, contiguous sections of the 
material to slide over each pig, <a. other (as at A B, sup- 
posing that D B is part of a f^R^^sn loaded beam, A one support, 
and B C part of the load). flE^HI The resistance to shearing 
ifl directly as the area that ^^^^K| would be sheared. 

resist a shearing strain, 

S m • 
WS 



Area necessary to safely 



A = 




S x Co 
U 



Shearing strains will be found to act on the vertical web * of continuous 
webbed girders, and in joints generally, which see. 

For Bending, bending intensities, and the resistance of materials to 
them, see 1, and 191 et seq. 

172. Coefficient* of Safety are numbers representing the proportions of 
the ultimate strength of materials to the strains that can safely be brought 
upon them. Coefficients of safety may be variously estimated. The fol- 
lowing may, however, be taken as a fair average of the factors at present in 
use where the materials employed and the workmanship are ordinarily 
good. 

_ Metals. Timber. Masonry. 

For a dead load . 3 4 to 5 4 

For a live load . . 5 8 to 10 8 

Under dead load may be included all permanent or stationary loads, 
and loads very gradually applied. 

Under live load, all rapidly moving, and' suddenly applied loads. 

Ultimate resistance rrr 1 • L • 
oSe fflclent of safety - Working strain. 

^ 173. The Modulus of Elasticity (E) (in pounds per square inch as 
given in 931) is the weight (in pounds) required to elongate or shorten, by 
an amount equal to its original length, a bar of material (of one square 
inch of cross-section), and is on the supposition that the elasticity of the 
material would remain constant throughout the operation. 



Strain fin lbs.) per sq. Inch on a bar __ 
Mod. of elas. (in lbs. ) per sq. inch = 



Increase or diminution of length 
Original length of the bar 



Joints. 



174. Joints should always be as strong as the parts they serve to join. 



• In tho paragraphs 62 and 74, the flanges have not been supposed to take 
part in resisting the shearing- forces (so called from the shearing strains above), 
any more than the web in talcing its share of the horizontal strains. (06 ) 



nuur rams in lumngi. 57 

1IB. Tkt various parlt of a joint, and the several parti in a fastening, 
ihoidd be of uniform Hrtngtk. 



1TC Rlreii may fail in several different waya, depending on their 
"" : " : "*. The head may be thorn off (as ' "" 



B P) ; or the rivet may he raptured at any section (aa gl 

A B) when the rivet is in tension. r 

Let S = the tensional strain ; then d (diam. of 

ahonld not be less than Aj ■$■■ * ggU XT being f 



of the material to tension (»81) ; an J CD or EP ahould 
not he leas than - - a . lflB g (ll»), XJ being here the ultimate resistance 
to shearing (331). 

When the rivet has to r esist a shearing strain (S) at A B, d muat not be 
less thsn * / ft S .gafij, ' XI being the nltimate shear! ng resistance. 

r be leu titan 



HI. Bolts.— Tho diameter of a bolt liable to shearing at the spindle 
(as at A B, fig. 65) mnat be determined from (HSi. 

If the bolt be in tension it will fail either— 1st by shearing off the 
thread ; 2nd, or by shearing off the head ; 3rd, or by tensional rapture of 
the spuidle. For a perfect thread the height of the not and of the head 
should be eqnal : bnt to allow for inaccuracies of workmanship, the height 
of the not should be about twice that of the head. The height of the 
nut should not be lets than the diameter of the spindle ; in practice it 
is frequently made much more than this. 

IIS. The diameter of a nut or head of a bolt, or of the head of a rivet, 
tfomld he not much lea than twice that of the spindle. 

IT*. Pin Joints iii rcnnlon Bar*.— -(Snob, as in some suspension 

chains, triangular girders, and trusses). _ 

fin.— Let n = the least number of sections at B 

which the pin must be divided before the joint II 

can fail (4 in fig. 6o), a = sectional area of I 

pin, and S the tension on the joint, then I 

a= tult. &nOxm The eoemdsnt (in) should be I 

larse, as any inaccuracies in the workmanship will II 



ii'ni.— The section of any link-head taken ll 
through the centre of the pin-hole (A B) should 

equal about half as much again as that taken through the body of the link 
(as C D), in consequence of the inequality in the distribution of the tti sin. 



when S it the strain on the joint, and U the ultimate i 
■hearing. 

General Side. — Diameter of pin ma; be } of the -width of the links. 

Riveted Joints in Teniion. 

ISO. Thr BirretlTO or Available Bh«m of a plate with rivet hole* 

in it depends upon the disposition of the 

Fie- 67. rivet*. Thus, in fig. 67, the least section 

I of plate that could be taken is that at 
A A. Bat before the joint can fail here 
by the rapture of (say) the npper plate 
at A A, the three riveta marked a a a 
must be shorn. And it will he Found that 
in a joint arranged in this way, the effective 
section Till be equal to that taken through 
the jJi« rinet, or lint 0/ riveto, as at B B. 

181. The sectional artaof all the riveta in a joint taken together should 
be equal to the effective lection of the plate. 

The distance between the centres of riveta which stand in aline (perpen- 
dicular to the tension on the joint) should be made = d + - ('7854d*»), 
in which n is the number of lines of rivals as above (5 in fig. 37) ; ', the 
thickness, uf the plate ; and d diameter of rivets. 

182. Lnp Joints may fail, — 1st, from the tensional rupture of the 

effective section (i») of the plate ; 2nd, by the 
Fig. S3. shearing of the riveta ; 3rd, by the shearing out 

of the overlaps (A A A A, fig. 88). The etrain 
on each rivet — i i^jjJa 1 and they have each to 
be shorn at one section only (ITS). The distance 
between the lines of rivets (181), (of which there 
are 3 in fig. 68) must not be leas than the over- 
lap required for the rivets in the first row (as at 
A). The latter may be determined from the 
following equation. 



I = 



x Co 



In which S = tension on the whole joint ; n, total number of riveta ; (, 
thickness of plate ; U, ultimate resistance of the plate to shearing; Co, e 
suitable coefficient of safety (lit). 



a siRucrnnts. 



£9 



■S3. Flib .foists.— Where only one cover or fish-plate is used (as 
fig. 69), tbs cue is virtually identical with two 
successive lap-joints, and can be calculated as rig. 08. 

inch (IS»). Where two cover- plates; are en 
ployed, it is to be bone in mind, that before tt 
joint can fail, each rivet must be shorn at (i 
sections, so that the section of each need be bi 
half that necessary w 'th a single cover-plate (144). The thickness of each 
cover-plate must never be leas than half that of the main plates. 

Riveted Joint! in Compression. 

184. In, lap-jointa the effective sectional area of the plate is equal 
to the (pu of section by rivet-hales, not counting 
those which are behind any others in the Fig. 70. 

direction of the pressure. Thus, in fig. 70. the i 

effective bearing section of the plats is that from 
AtoB. 

For the shearing strain (171) on each rivet 
(It«), divide the strain on the joint by the total 
number of rivets, A rather large coefficient of 
safety (17S) should be used, as inaccuracies of 
workmanship will materially concentrate the 

1SS. Butt Joint* (sail 

having an effective sect 
rivets fill the holes ae 
from them. 

The cover-plates a 
proper positions. 

188. Joints formed by mV— and cotter* may be calculated from 119. 
It is advisable that the obliquity of the surfaces to the direction of the 
■train should not exceed 4° or 6°. 

A few cast and wrought iron joints are given in Plate II. 



le as fish-joints in tension) may be considered as 
on equal to the total section of the plate ; for if the 
they should, there is hardly any loss of strength 

e required simply to keep the main plates in their 



187. A form of joint having been determined, tbe parts at which it is 
liable to fail must be traced oat, and sufficient strength be given to them, 
using (18S — 171), and particularly observing (184). 



188. Joints la Tension 
pesent forms of fish -joints. 
In fig. 71 the tension 
may cause rupture at A B, 
or C D ; or at E F and 
GH. [Both of the latter 
must fail before the joint 
gives Kay by the rupture 
of the fish-pieces.) And 
further, the jointmay fail [I 
by the shearing off of Q V 
and EG; or of PS and QT; orofKQai 



■■arftd joint*. Pigs. 71, 72 w 
Fig. 71. 



LM; orofSHandOP. The 
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BEAM* 0* VARIOUS SECTIONS. 



above is disregarding the shearing resistances of the four bolts shown in fig. 

71, which must be taken into account 
Fig. 72. in a somewhat similar' way. 

Fig. 72 represents a joint fished with 
iron plates, and also " scarfed." Fig. 
73 shows another form of scarfing. 




Fig. 73. 




189. Joints in Compression.— 

Surfaces abutting against each other 
should be as nearly as possible per- 
pendicular to the direction of the 
thrust. Where convenient, fish pieces 
may be used to retain the main- 
pieces in their proper position; or 

the latter may abut into cast-iron sockets suitably designed. 

On Plate II. are given several forms of joints for timber structures, which 

can profess only to be suggestive. 

190. Shouldered Tenon for attaching? Cross to Main Beams.. — 

Fig. 74. ^ e we ight on the end of the cross beam AB is borne 

by the shoulder C, which is let into the main beam for a 
distance equal to about one-sixth of the depth of the 
former. The length of the tenon, D, is about twice its 
depth. 




BEAMS OF VARIQUS SECTIONS. 

191. For those beams, girders, and other similar structures, in which 
certain parts are supposed to resist certain definite strains (62), and other 
parts, other strains (for instance, flanged girders with thin continuous webs, 
all open-webbed girders, trusses, &c.) see 63 to 163. A mode of pro- 
cedure is there adopted which would not be thoroughly applicable to 
those beams in which every fibre or particle is considered to take part in 
resisting the bending action of the moment of rupture (1), and where the 
whole section is liable to the action of the shearing force (l). 

In Designing a Beam — 

192. Determine the nature ef its cross section. 

If the exact proportions of the section are to be adhered to, 

and the area alone required, — express all the dimensions of 

the section in terms of one of them, that there may be but 

one unknown quantity. 

Thus— suppose a beam to support a^riven load is to be rectan- 
gular, with the depth twice the breadth, then let b = breadth, 
and 2 6 ss depth. 

If all the dimensions of the section, except one, be given, that 
one will of course be the unknown quantity. Then, — 

193. Substitute for M, in the equations given hereafter, its value as 
found from the span, manner of loading and supporting, &c, pp. 2 to 15. 
The dimension, or. dimensions, required may then be obtained. Lastly,— 



1M. If at any vertical section, there be not sufficient material to resist 
the during force (1,'34, tt uq. and 111), theneoassary additiou must be 
Bads to the section. 

This will eeldom be required at other places than near the supports In dia- 



ls*. The weight of the beam ittelf must always* bo added to the 
extraneous toad upon it ; and may be approximately estimated by a pro- 
cess similar to that in «9. 



IN. Tbb Stability or 1 LoiMD Bhax depends on the equation 

M = E. (i.) 
III. Abhre»iations — 

Let M = moment of rnptnre (l, t), the values of which may bo de- 
termined from the several eases I to 33. 

CI 
B — — = moment of resistance (1) of the section. 

I = moment of inertia of the section. 

t = distance of the neutral axis (198) from the farthest edge of 

the section. 
a -■ total area of the section. 
= modulus of rupture (393). 

Its, The NetMrad Axis (N — A in the sections, figs. 82— 84) is a 
section of the neutral surface, — a layer in the beam (and the only one) 
which is neither extended nor shortened by the action of the load (1). 

in. Provided that the limits of elasticity of the material of the beam 
be nut exceeded, the neutral axit will pass through the centre of gravity of 
Ou lectim (»*•). 

MM. There must be bat one lineal unit used in obtaining the values of 
M, It, I, I ; and the' superficial unit used for a must correspond to that 
lineal unit. 

201. The section at which S and I (ltJ) are taken may be made 
parallel to the reaction of the supports of the beam. + 



Pig. 75. 



»•», Wherever either the upper or lower surface 
of the beam is not perpendicular to the action 
of the load, then must be modified to (C eos.'fl), 
$ being the inclination of the most inclined surface 
to that perpendicular. 



Except in small girders, or beams of minor importance. 



surface all at rijrht angles; 

rupture to be equated with il bdouju di 

surface with the neutral surface of Lhe 



upper and lower edges of the br 



M3. MTodnlne of Hnptwre.— The thtoraleal value of C is the resistance nf the 
material to direct compression or tension. But it is found from experiments on 
cross breaking that this value is not sufficiently nigh. Amongst the """"in" that 
bavo been assigned for tbie, are-let, that in addition to the rem 
particles of Ibe beam to a direct strain, there is another resistance 
the lateral ndbeiiou of the fibres to each other, termed the "I 



Flemre." (See Barlow on the " Strength of Materials." Blh edition.') And 
2nd, that in moat metallic beanie (especially when cast) the outer skin, which is 
strained more than any other part of (ho section, is very mnoh stronger (from 



part of the section, is very moch stronger (from 

many well-known causes) than the average section ; whereea if the direct tensile 
or compressive resistance of the ssme beam, in the direction of its length, were 
being experimentally ascertained, it would he the average section at least, and 
perhaps the oentre (weaker) portion especially, from which the strength would be 
Determined. However, there is evidently a necessity to employ a higher vsloe 
than thatforthe direct resistance; and Professor Rankine has adopted a modulns 
or rupture which is 16 times the load required to break a bar of 1 sq. inch section, 
supported on two points one foot apart, and loaded in the middle between the 
supports (*tf I). 

Moxin-TB 01 IlTIETIA AKD BleTSTAHOI 07 BEAMS Of VaBlODS SKCTI0S9. 

)M. Beam of a solid -rectangular lectioa. 



12 12 

Corf 1 Cad 



■OS. Beam of a hollow rectangular: i 
Fig. 77. 



n of a solid circular section, 

E - C -7864 H = —■ = M. 
• Edited by W. number. London i Lockwood A Co. 



Ml. Beam of a hollow circular tea 

I = -78B4 (r* - ¥*), 
■ -TB5«C(r*-r^) 



MS. Beam of a solid elliptical m 



I = -7SH 1 d>. 

K = 78G1 C b <P = M. 



Beam of a hollow elliptical lection. 

1= -7854 (6 <P - 6' d")- 

■786*C(o ( P-o'J') _ 



310. Iteam with ona flange. 

I = J | 6 <P + o' d* - (5' - 6) tf" } 
D _ CI „ 




E = (6 df - V d*j _ 



II*. Beam with tiro unequal ft 
Pig. 84. 



1 = 1 \ bd' - (5- I) (d-e)» + i d" - 



»I3. To And (he Monienls af Inertia Bad I 
(rou Seetlon made up of a number of simple figures. 

Find the moment of inertia of each of the simple figures about an aria 
traversing its centre of graritj parallel to .the neutral axis of the complex 

Mnltiplj the area of each of the simple figures by the square of the 
distance between its centre of gravity and the neutral aria of the whole 

Add all the results together for the moment of inertia of the whole 

Let I, = moment of inertia of one of the simple figures about its own 
neutral axis ; A its area ; v the distance from its centre of graritj to 
that of the whole section (m) ; and I, moment of inertia of the whole 
section ; then, 

!-(!,+ e"A) -t- to. 

Moment of resistance, E = — . . . . (1»T.) 



tit. MasnoBtp or Inertia ana Resistance, miniate 



M omen la of inertia \ , gimilar ( *° e ^ Dc 

Moments of resistance ( .. . 1 the 3rd power f of their linear 

Strengths . ( *™ ) the 2nd power | " 

Deflections ) ™*T" [the 1st power 



Bum Oi Rsotahqulab Sbctioh jfd or CvifOBH SntiReia (Its), 
fifwafinu of Seanu tfOmtajit BrcaiixX, and Flam of Burnt (if CWutnt DtplS. 
Pig. «L-Elevation. 



■IB. A eenii- 
beua (T) loaded | 

with h concentrated 1 
weight at its ex- 



/ A B, ft purabols, with 



*1«. Semi-beam 
(■) loaded uni- 
formly over iti en- 
tire length. 




US. Mow to e 

Let the accompanying figs. 03, SI represent sections of the log. 
rig. S3. Fig. tt. 



Dn* B diameter. For the beam whose ultimate strength will be the 
iTeatcst, trisect the diameter. Foe the beam which will deflect the least, 
divide the diameter into four equal parts. 

Draw perpendiculars to the diameter as shown, and their intersection 
*ith the circumference will determine the inscribed rectangle, which U 
the section of the required beam. 

tM. To Onil the Centre or Gravity (Mt) or aar Seetien. 

Let o, of, a", etc., represent the sectional ana of the several elemen- 
tary parts into which the section may be decomposed ; g, tf, o", &o., the 
known distances of their respective centra of graTity from an j fixed axis — 
say the lower edge of the beam — and S, the distance from the latter to 
the centre of graTity of the total section ; then, 

g ^ ag + ay * a"g" + te. 
a + ti + a" + ft*. 



DEFLECTION. 



■ is the " displacement of any point of a loaded beam 
Tram its position when the beam is unloaded." 

ttt. Camber is an upward curvature, similar and equal to the maxi- 
mum calculated deflection, given to a beam or girder or some line in it, in 
order to ensure its horizontalitj when full; loaded. 



831. Girder supported at both ends. 

Let D ■■ central deflection. 
d =- central depth. 
I = length of spaa. 
. K = sum of the extension of one flange or boom, and the short- 
ening of the other by the strains upon them. 
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Then D «* -— ,• 
8 d 

K may be found as follows : Let S = strain in lbs. per sq. in. on either 

boom when the load producing the deflection is on the beam ; E « modulus 

S Z 
of elasticity (173) ; l x = length of boom ; then k = ± -=r= extension 

or compression in length of boom after the strain is on ; and if kf correspond 
similarly for the other boom, then k + kf = K. If the booms be of equal 
length and section, then K = (2 k), 

225. Semi-girder* 

Let d = depth at support ; the other notations as before. 
The deflection at the unsupported extremity! — 

D = *i 
2d 

226. Continuous Girders* and Girders Axed at One or Both Ends 

(94—33). 

When any whole span is analysed it will be seen (24 to 30) that it is equivalent 
to a whole girder supported at the ends, and one or two semi-girders, as the case 
may be. To these the above formulae 

(223—5) may be applied, and the maxi- Fig. 05. 

mum deflection obtained. Thus — 

For a girder (as A B) fixed at both 
ends (24—26), the deflection of the 
semi-beams A C and D B at C and D (11 
or 225), added to the deflection of C D 
below its ends, as obtained from (12, 
19, or 224), will be the total maximum deflection of E below A. B. 

Again, for continuous girders ioith moving loads (32, 33), the maximum 
deflection at the middle- of a span (BO, fig. 25) will occur simultaneously 
with the maximum positive moment of rupture (M* page 14), at which time 
the points of contrary flexure will be at M, M t (fig. 25), whose positions 
may be determined either from the diagram, or formula. In the outer 
spans of continuous girders, and in girders fixed at one end and supported 
only at the other, the deflection at the middle of the part corresponding to 
a whole girder simply supported (see 28, 29), may be found by adding the 
central deflection of the latter as such (19, 224) to half the deflection of 
the remaining (semi-beam) portion (11 or 225). 




BREAKING AND SAFE LOADS FOE BRIDGES, GIRDERS, ETC. 

227* In the whole of the foregoing pages it is supposed that the span, 
load, and other data as far as necessary are given, in order to find the 
resulting strains, and the quantity of material to resist them. 

228. To And the load (breaking or safe) when the Quantity of 
Material, Span, &e«, are given, is simply an inversion of the former 
calculations. 

For sectional area of material, substitute an equivalent strain* breaking 
or safe according as breaking or safe load is required. 
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BBJEAKIEO AKD SAFE LOADS. 



Then ascertain the load that would produce thai strain, and that will 
be the load Required. 

Remembering that if the structure be not of uniform strength, the 
strength of the weakest part determines the strength of the whole (164). 

990. Bxamtlm I.— What load, at the centre of a wrooght-iron, single-webbed 
or plate girder of uniform strength (105), and of the following dimensions, would 
cause the rupture of the girder,— Length of span, 20 ft ; central depth (07, 75)» 
1*6 ft; effective section (189) of the lower flange at the centre, 4 sq. in. j iron of 
average quality (931). 

As the girder is of uniform strength, it matters not what part is considered, for 
the same result would be obtained. 
Lower flange will be in tension (€5—1). 

Ultimate strength of average wrought iron plate (931), 66,000 lbs. per sq. in. 
sq. in. lbs. lbs. 
4 x 65,000 = 220,000 = breaking strength of lower flange. 

"W I 'W X 20 

Then from (19 and €7) strain on lower flange = •— j « 220,000 lb. = , ^ ,., * 

4 » 4» X 1 O 

Therefore W = ?3^ * A*J5 - e^ooo u>. = 29'4 tons. 

20 

S3*. Bxamtlm n.— Required the greatest safe (179) load uniformly distributed 
on a reotangular beam of British oak projecting from a wall. 



Length of beam as 6 ft. = 72 in. . . . 
Breadth „ as 6 in. 
Depth „ =9 in. 

Taking coef. (179) as 5 ; (903) as 10,000. . 

M = R. . . . (1,100.) 



(900.) 



(931.) 



M = 



2 



(ft) 



R = 



Qad 



(wQ36. 



6xOo • 

10,000 X 64 X 9 



(904.) 



36 (w = 162,000. 

w I = 4,600 lbs. = 2 tons. 



6x6 
=.162,000 



931. Table or the Strength, &c, of Materials nr Poueds Avoirdupois 

per Square Inch of Seotioe. 



Materials. 


TTUimat* Buutanc* to 


Modvlu* of 
Elasticity. 


• 

Weight of 
a Cubic 
Foot 
in lbs.* 


Tennon, . 


Comprit- 

tion. 


Shearing. 

m 


Orott 

Breaking, 

Modulut of 

Rupture. 


Mbtals : 


18,000 

49,000 

60,000) 

36,000) 

40,000 
16,000 


10,300 

• •• 

110,000 
110,000 


• • • 

• «• 

27,700 


... 

... 
... 

40,000 


9,000,000 

14,230,000 
17,000,000 

18,000,000 


( 487 

1 to 

( 624*4 

633 

(649 

(666 


Copper, Rolled..... 

Iron, Cast 
„ American best 



* The spedflo gravities may be readily found when it is known that a cubic foot 
of water weighs 62*6 lbs. 



, or Mashiiu — continued. 



., Flan* . 

" BiDglo riveted . 
dirablBTiT 



Mahogany ■ 

Oak, EugUfih 



f 10,000] 

I 18,000) 



























UO.OOC 


120,000 




0,000 


1,400 


(i*.ooo) 

11,100 


















10.0C0 


1,400 


I;"™) 










( 1.M0 




8,000 




lll.BOOJ 


10.C00 


2,300 


1 13,000 


fi.ono 




io,eoo 






tl9,O00/ 



25,000,000 




5,000,000 






( 187 


30,000,000 


l 483 


1,600,000 


47 


1,350,000 


13 


1,500,000 
2,000,000 
4S«,(*)0 


30-4 ' 


1, 000,000 


31 


700.000 


30 


1,800,000 

eoo.ooo 


I a 

13 


1,700,000 


02 


2,000,000 
2,300,000 


11 



through lis line of rii 



of short blocks of wrought 

tn to The pi 
\J. Fairta 
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Table or the Strength, etc., or Materials — continued. 



Materials. 



Scons, Cbhutt, 

etc.: 
Brick, Fire 



„ Strpng Red 



VltimmU RttUtanet to 



Ttntion. 



I* ) 

( 300 ) 



Oompr$$- 

turn. 



„ weaicaea 


••• 


Chalk 






••• 


Mortar, ord 


60 




• 




• •• 



1,700 
1,100 

(. 800) 



Shearing, 



400 



11,000 



{ 



4,600 

2,000 

to 
6,600 



Bremkinf, 
Modulus <tf 



Modulus <J 
Elasticity. 



1,100 ) 

to V 

2,380 ) 



2,600,000 



Wsigkt 

of Cubic 

Foot 

in lb*. 



126 

to 

136 



117 

to 
174 
164 

to 
172 
110 
170 

to 
180 
130 

to 
167 



239. Various methods or drawing Parabolas, thb Bask ahd Height 

BBIKQ CHVEB.* 

I. (Plate III., fig. 1.) By ordinates or orrsBTS from a tangent (E D) 

TO THB PARABOLA AT ITS YBBTBX (D). 

Through D draw D E parallel and equal to A C. The ordinates or 
offsets from any points in D E to the parabola will be proportional to the 
squares of the distances of those points from D. Thus, if the ordinate at a 
be 1, then the ordinate at b, twice the distance of a from D, mast be 4 ; 
that at c, three times the distance, most be 9 ; and so on. To proceed 
practically : Divide E D into a number of equal parts (n) as at a, b, c, &c, 
fig. 1 ; then if E A be divided into (n s ) parts, each of these parts will be 
the required unit, 1 of which is the offset at a, 4 at b, 9 at c, and so on. 
Through the points af V d, &c., thus determined, the required curve con 
be drawn. 

II. (Plate III., fig. 2.) Br ordinates from the basb. 

Divide the base (half of which is represented by A C) into an even 
number of equal parts ; then if the height or ordinate at centre D C corre- 
spond to the square of half the number of those parts (8x8 = 64), the 



* The terms height (or ordinate at centre) and base nave been used 
instead of abscissa for the former, and double-ordinate for the latter, that the 
parabola might appear in a more simple light than perhaps it otherwise would 
have done. Any height can be adopted for the parabola; convenience for 
scaling off the moments (ft), &o., being alone studied. 
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ordinate at any other point (d for instance) will be represented by the 
product of the numbers of parts in the two segments into which d divides 
the base (4 x 12 = 48). The parabola may then be drawn through the 
extremities of the ordinates. 

III. (Plate III. , fig. 3.) Bt the construction or a diagram. 
Draw D B parallel and equal to A C ; divide D E and B A similarly ; 

the end E of B A corresponding to the end D of B D. Through a, 6, &c, 
in B D, draw a a, bb, &c, parallel to D C. Join D to the several points 
a' &', &c, in B A. The parabola will pass through the intersection of a a 
with Da', 66 with D^, &c. 

Note. If this mode of construction be adopted when the ordinates are 
required at certain points only (and this will generally be the case in 
practice), the actual curve need not be drawn, after the points it passes 
through have been determined. 

IV. (Plate III, fig. 4.) Br the construction or a diagram. 

On the base A B describe an isosceles triangle, whose height C E is 
double that of the required parabola. Divide the two sides A E, B B of 
the triangle into an even number of equal parts, and draw lines as in the 
figure. These lines will be tangents to the parabola, which may therefore 
be readily drawn. 

V. (Plate III., fig. 5.) By means or a string. 

Draw B D equal and parallel to A C. Join C to P at the bisection ef 
B D. Make C P Q a right angle. Let P Qt intersect the production of 
C D. Make DK*=DG, parallel toPD; HHisa" straight- edge, * 
against which slides the " set-square " S. A piece of thread or fine string 
equal in length to the distance A E is fixed, one end at E and the other 
at the point M, in the set square which will traverse the base A C as 
the set square slides along. A pencil, P, by which the string is kept 
tight, and close to the edge of the set square, will describe a true 
parabola. 

To DRAW A TANGENT TO A PARABOLA AT ANT POINT P. (Plate III., fig. 6.) 

Draw P C perpendicular to the axis B 0. Make D £ = D C. Join 
B to P, and P B will be the required tangent. 

* K is the " focun " of the parabola. 6 G' the directrix. 
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